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Clinical evidence establishes that the plasma amino acid profile 
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For optimal development, amino acid metabolism of the 
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Instructions for Authors 


General Information.—Send manuscripts by first-class (not reg- 
istered) mail to the Editor, Vincent A. Fulginiti, MD, AJDC, PO 
Box 43700, Tucson, AZ 85733. Designate one author as correspon- 
dent and provide his/her address and telephone number. Manu- 
scripts are received with the understanding that they are not under 
simultaneous consideration by another publication. Accepted 
manuscripts become the permanent property of the AJDC and may 
not be published elsewhere without permission from the publisher 
(AMA). 

All accepted manuscripts are subject to copy editing. The corre- 
sponding author will receive an edited typescript and layout for ap- 
proval. Forms for ordering reprints are included with the edited 
typescript. Proofs will be sent for approval if requested by the 
author and if printing deadlines permit. The author is responsible 
for all statements in his/her work, including changes made by the 
copy editor. 

In submitting a manuscript for consideration by AJDC the author 
is advised to conform to each item listed below. By submitting a 
manuscript in the appropriate format you facilitate its processing 
and avoid delay in editorial decisions. 


Copyright Act.—All submitted manuscripts must have a copy- 
right transfer statement accompanying them when submitted. Ac- 
cording to The Copyright Revision Act of 1976, effective Jan 1, 1978, 
each author of a manuscript, letter to the editor, or book review will 
be required to sign and date the following statement: “In considera- 
tion of the AMA taking action in reviewing and editing my/our sub- 
mission, the author(s) undersigned hereby transfer(s), assign(s), 
or otherwise convey(s) all copyright ownership to the AMA in the 
event that such work is published by the AMA.” 

Manuscript Preparation.—Each manuscript submitted should 
conform to the following format. 

1. Three copies of the manuscript must be submitted; one is re- 
tained in the editorial office and the others sent to referees. We 
prefer an original and two copies. 

2. Use heavy-duty white bond paper, 21.6 x 27.9 em, with 2.5-em 
margins. If a word processor is used, do not justify lines. 

3. Triple space all text and double space all table text, refer- 
ences, and legends. 

4. Use metric units throughout. 

5. The style of writin should conform to proper English usage 
and syntax. An excela o ference for authors is AMA’s Manual 
for Authors & Editors, This 1981 edition, formerly the S tylebook/ 
Editorial Manual of the AMA, is available from Lange Medical 
Publications, Drawer L, Los Altos, CA 94023. Single copy price: 
$13. Discounts are 10% for three to five copies and 15% for six or 
more copies. A shipping charge is added on all orders. 

6. Each article should have a single title limited to 75 characters. 
The title page should include the full names and academic affilia- 
tions of all authors, the address to which requests for reprints 
should be sent, and, if the manuscript was presented at a meeting, 
the name of the organization, place, and exact date on which it was 
read. 

7. All original articles must have an abstract limited to 135 
words or less. For good abstract form, see M. T. Southgate’s editor- 
ial, “On Writing the Synopsis-Abstract” (JAMA 1972;222:1307). 

8. If a report includes human subjects, a specific statement 
must be included in the “Methods” section. The statement must in- 
dicate that an appropriate institutional review board approved the 
project and/or that informed consent was obtained from both par- 
ents, legal guardian, or child (if appropriate) after the nature of the 
procedure(s) had been fully explained. 

9. For illustrations, submit only high-contrast glossy prints in 
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triplicate, unmounted and untrimmed. Preferred size is 12.7 x 17.3 
cm (5x7 in). Figure number, name of first author, and arrow indi- 
cating “top” should be typed on a gummed label and affixed to the 
back of each illustration. Do not write directly on print. Lettering 
must be legible after reduction to column size. Magnification and 
stain should be provided for histologic sections. 


For illustrations in full color, submit 35-mm, positive color trans- 
parencies, mounted in cardboard and carefully packaged. Do not 
submit glass-mounted transparencies; do not submit color prints. 
The fee is $400 for up to six square-finished color illustrations that 
can be arranged on one page. A letter of intent to pay the fee must 
accompany submission. 


A signed statement of consent from both parents (or guardians) 
or the persons involved must accompany all photographs of pa- 
tients in which a possibility of identification exists. It is not suffi- 
cient to cover the eyes to mask identity. 


Legends for illustrations should be typed double-spaced, begin- 
ning on a separate sheet of paper (40-word maximum for each). 


10. Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6 x 27.9-cm paper. If a table 
must be continued, use a second sheet and repeat all heads. Each 
table must have a title. 


11. In acknowledgments, illustrations and tables from other 
publications must be suitably acknowledged, and accompanied by 
written permission from publisher and author. Authors may wish 
to acknowledge specific contributors at the end of the text and be- 
fore the references. Such acknowledgments should be brief and ap- 
ply only to those directly involved in the content of the manuscript. 
General acknowledgments will be deleted. 


12. References should be listed in order of their appearance in 
the text, and typed double-spaced, in the following manner: 


1, Applebaum MM, Thaler MM: Reye syndrome without initial hepatic in- 
volvement. AJDC 1977;131:295-296. 


Do not include unpublished data, personal communications, or 
manuscripts “in preparation” or “submitted” in the list of refer- 
ences, Such material, if essential, may be incorporated in the body 
of the article. 


Special Submissions | 

1. Letters to the Editor are encouraged. We prefer correspon- 
dence referring to published material, but will consider all letters 
to the editor. Limit, 500 words. Submit in triplicate, double- 
spaced, and clearly marked “For publication.” Copyright assign- 
ment required. 


2. Case Reports: We discourage submission of single case re- 
ports unless they are fully discussed and represent new findings. 
We will return case reports that simply add another example of a 
well-known phenomenon. Case reports, therefore, should conform 
in every way to the items in the “Manuscript Preparation” section. 
Copyright assignment required. Previous descriptions of Clinical 
Memoranda are no longer applicable. 


3. Editorials: These are usually solicited by the editorial staff. 
Spontaneously submitted editorials will be reviewed and consid- 
ered, but will have a lower priority than those requested specifi- 
cally. Copyright assignment required. 


4. Reviews: Review articles are almost always solicited. Spon- 
taneously submitted reviews are discouraged and seldom will be 
considered. Two departments of AJDC will be regular features and 
will contain solicited review articles. These are FROM RESEARCH 
TO RELEVANCE and EDUCATIONAL INTERVENTIONS. If an author 
wishes to have us consider a manuscript for these departments, he/ 
she should describe the project in a letter to the editor; do not 
submit a manuscript. Copyright assignment required. 
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The Pediatric Forum 


This department of AJDC is devoted to our readers. It is the place for comment, 
criticism, observation, and discussion of “issues of current concern and importance for 
children’s health.” In addition to the usual letters that comment on articles that have 
appeared in previous issues of AJDC, the Editor encourages our readers to express 
themselves on a variety of topics and issues that are considered to be important and that 
deal with current problems and other matters bearing on the health and welfare of 
children. Further, we encourage the submission of unique and brief clinical and scientific 
observations that do not fulfill the criteria for original articles. The latter contributions 
will be judged editorially, and may well be peer-reviewed în the usual fashion, or examined 
critically by our editorial staff in Tucson. Obviously, some may not be accepted for 
publication. 

Acceptance of submitted letters will be contingent en both acceptability and space 
available. The reader should submit double-spaced copy clearly marked “for publication” 
and signed by all authors. References, if included, should conform to the usual JOURNAL 
format. The maximum length of any contribution should be 500 words. Copyright 
assignment, signed by all authors, must accompany the original submission. The Editor 
reserves the right to edit all submissions. Although we will not impose a strict time limit on 
letters that apply to published articles in AJDC, in general these should be received within 
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six weeks of publication of the article. 


Children and Handguns 


Sir.—Information coming to me from 
Gun Week newspaper (May 10, 1985) 
mentioned a quotation written in an 
AJDC editorial by Diane H. Schetky, 
MD: (Yale University Child Study 
Center, New Haven, Conn), that in- 
cluded, “Yet, when it comes to vio- 
lence, we turn our backs and accept it 
as part of the American way of life.” 
The Gun Week article did not make it 
clear whether the balance of Dr 
Schetky’s comments appeared in the 
AJDC editorial. If this additional ma- 
terial did appear in an editorial, the 
editorial board should have checked Dr 
Schetky’s “facts.” Please see my letter 
in Gun Week (June 7, 1985) questioning 
the extreme slant of the “facts” con- 
cerning children under the age of 5 
years and violence involving firearms. 
Please advise if the American Medi- 

cal Association and the editorial board 
of AJDC stand behind the comments of 
Dr Schetky concerning firearms and 
child safety. 

WARREN R. KREMSKE 

6223 N Neva Ave 

Chicago, IL 60631 


1. Schetky DH: Children and handguns: A 
public health concern. AJDC 1985;139:229-231. 
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In Reply.—Many types of correspon- 
dence arrive at our offices. The letter 
from Mr Kremske is unusual in several 
respects. First, he apparently has not 
read Dr Schetky’s editorial, just a re- 
port of it in a newspaper. Second, he 
argues for an “extreme slant” of the 
facts concerning children and fire- 
arms, without paying much attention 
to the full body of the article in AJDC. 
Last, he takes the AMA and our Board 
to task by asking if we “stand behind 
the comments of Dr Schetky.” 

The AMA does not interfere with 
the editorial content of AJDC; in no 
instance has any officer, official, or 
other AMA representative challenged 
the editorial staff for anything that has 
been published in our journal. I, on 
behalf of our Board of volunteer pedi- 
atric experts, accept all responsibility 
for what we accept from authors. I not 
only stand behind the commen:s of Dr 
Schetky but will defend as vigorously 
as I know how to her right to express 
her opinion. Further, I support her 
scholarly effort to provide our readers 
with the background data necessary to 
understand her conclusions and rec- 
ommendations. I urge anyone who 
wishes to critique her presentation to 
read the article before they offer any 


sort of challenge to her, to AJDC, or to 
the AMA... Mr Kremske, by his own 
admission, did not do so. 
VINCENT A. FULGINITI, MD © 
Editor, AJDC 
PO Box 43700 
Tucson, AZ 85733 


In Reply.—Mr, Kremske’s letter in 
Gun Week is typical of the diversionary 
tactics used by progun lobbyists to 
avoid looking at the facts. The impor- 
tant issue is not whether or not guns 
are tied as the fifth leading cause of 
death or whether the term leading is 
misleading but rather that, in the year 
cited, handguns killed 730 children and 
adolescents. It is easy for him to re- 
duce these lives to statistical insignifi- 
cance when he does not have to deal 
personally with these tragedies and 
family bereavement. 

My article refers to guns, not hand- 
guns, as the fifth leading cause of 
death in children, yet it should be 
noted that the majority of these deaths 
are accidental and inflicted by hand- 
guns. Handguns account for only 20% 
of the nation’s firearms yet account for 
90% of all firearms misuse, both crimi- 
nal and accidental.’ Mr Kremske infers 
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that I favor taking away all firearms, 
which is another scare tactic favored 
by progun lobbyists. He refers to me 
as an anti-gun MD, which is mislead- 
ing, as my article focuses on the risks 
of handguns to children and makes no 
recommendations regarding the con- 
trol of other types of firearms or 
disarming police and security forces, 
as his letter implies. 
DIANE H. ScHETKy, MD 
Yale Child Study Center 
333 Cedar St 
New Haven, CT 06570 
1. Federal Bureau of Investigation Uniform 


Crime Reports, Annual Crime Surveys, 1963- 
1973. 


Hoigne’s Syndrome 


Sir.—I read the report by Drs Silber 
and D’Angelo’ concerning Hoigne’s 
syndrome with interest and pleasure. 
The more articles about adverse drug 
reactions which are published in the 
medical literature, the better will doc- 
tors be aware of the importance of drug 
monitoring, and to prevention of ad- 
verse effects. 

I do feel it necessary to add some 
remarks to their report. I first should 
note that the authors’ statement that 
cases of Hoigne’s syndrome in children 
and adolescents are unpublished and 
unknown is incorrect. I refer to Profes- 
sor Hoigne’s statement in the most 
used and best known handbook of ad- 
verse drug reactions that “. . . gener- 
alized seizures or twitching of the ex- 
tremities have been also observed in 
adults and especially in children.”? I 
have found some pediatric cases of 
Hoigne’s syndrome in the European 
literature.** The observations have not 
created sensation and have not been 
republished in any of the generally 


Penicillin 


Age, yr/ Million 
Sex Administration 


Units 


Symptoms 
Tinnitus, blurred vision, 


used world languages. They do indi- 
cate that the problem is known and not 
really rare. 

I offer here some further details of 
patients reported to the Drug Moni- 
toring Service of Hungary, the Na- 
tional Institute of Pharmacy, Scientific 
Council of Health. 

On the basis of patients’ histories, 
Symptoms were evaluated as Hoigne’s 
syndrome in six individuals (1982- 
1983). Two of the six patients were 
children (Table). All but one of the 
patients had received penicillins 
earlier and none had any cramps. Tox- 
icoembolic reactions have been pro- 
duced by much smaller doses than in 
the above mentioned patients. It is in 
conformity with other authors’ obser- 
vations that in the development of mi- 
croembolic complications due to peni- 
cillin G, procaine plays an important 
role in predisposing factors such as 
age.*” Concentration-dependent pro- 
caine action seems to be unlikely. 

In agreement with Drs Silber and 
D’Angelo, I emphasize the importance 
of a proper diagnosis. Especially in 
children, cramps look like epileptic 
seizures and can lead to several unnec- 
essary diagnostic procedures and 
needless treatment. 

Prophylaxis against the reaction 
should not be forgotten, but the report 
of Drs Silber and D’Angelo fails to 
remind us of it. Some 20 years ago 
Bredt? pointed out the importance of 
particle size in the development of 
these reactions, and almost 15 years 
ago Ernst and Reuter’ described three 
methods for prophylaxis: regular 
alternating of site of injection; change- 
over from parenteral penicillin to oral 
preparation in the shortest possible 
time; and limitation of the particle size 
of depot-penicillin to under 20 pm. If 


D on of 
Blood Pressure, Reaction, 
mm Hg min 


180/100 


palpitation, fear of 


death 


Tinnitus, blurred vision, 
palpitation, sweating 


180/100 


Eclamptic seizures, 


dyspnea 
Confusion, agitation 
Confusion, 


130/80 


hallucination 
Tonic-clonic seizures 
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these requirements are fulfilled, the 
incidence of Hoigne’s syndrome will 
decrease. 
Dr I. G. TELESsy 
National Institute of 
Pharmacy 
Drug Monitoring Service 
Budapest, Hungary 

1. Silber TJ, D’Angelo L: Psychosis and sei- 
zures following the injection of penicillin G pro- 
caine: Hoigne’s syndrome. AJDC 1985;139:335- 
337. 

2. Dukes MNG (ed); Meyler’s Side Effects of 
Drugs, ed 10. Amsterdam, Elsevier, 1984, p 
458. 

3. Vacek J, Calkova M: Psychopathologische 
Reaktionen nach Depot-Penicillin. Psychiatr 
Neurol Med Psychol 1982;34:602-609. 

4. Bortkiewicz E: Zespóř Hoigné u 10 letniego 
dziecka. Otolaryngol Pol 1982;36:57-60. 

5. Leszczyńska J: Analiza przypadków po pe- 
nicylinie w Polsce w latach, 1975-1978. Farmakol 
Pol 1981;37:349-353. 

6. Poluch A: Neallergické sokol reakcie u deti 
pro prokain-penicillin. Prakt Lek 1983;53:821- 
823. 


T. Ernst G, Reuter E: Nicht-allergische 
tödliche Zwischenfälle nach Depot-Penicillin. 
Dtsch Med Wochenschr 1970;95:618-622. 

8. Bredt J: Akute nicht-allergische Reak- 
tionen bei Anwendung von Depot-Penicillin. 
Dtsch Med Wochenschr 1965;90:1559-1563. 


In Reply.—The two pediatric patients 
suffering from seizures reported to the 
Drug Monitoring Service of Hungary, 
as reported by Dr Télessy, indeed 
seem to have developed Hoigne’s syn- 
drome. The cases would be even 
stronger if the penicillin preparation 
they received were indeed a procaine 
penicillin; their follow-up then would 
show them as fully recovered and 
asymptomatic. Although the origin of 
the neurologic disturbances in pa- 
tients with Hoigne’s syndrome re- 
mains controversial, it is clear that the 
disturbances are not caused by peni- 
cillin. 

Dr Télessy suggests that the condi- 
tion might be caused by microem- 
bolism and warns that the particle size 
of the depot-penicillin should be kept 
under 20 um. This is reasonable since 
crystals of penicillin G procaine are 
relatively insoluble. However, to our 
knowledge, no cases of Hoigne’s syn- 
drome with detected pulmonary embo- 
lism have yet been reported. The syn- 
drome is currently attributed to a 
sudden elevation of the free procaine 
concentration in the central nervous 
system.’ 

It was our intention to alert our 
colleagues to the dangers of intramus- 
cular procaine penicillin and to let the 
readers reach their own conclusion by 
balancing for every case the risk-bene- 
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fit ratio of treatment with intramuscu- 
lar procaine penicillin. However, we do 
not hesitate to present our own opin- 
ion: we concur with the recommenda- 
tion to replace the use of procaine 
penicillin with other appropriate anti- 
biotics. We consider that there are 
currently few indications for intramus- 
cular procaine penicillin and have sig- 
nificantly curtailed its use in our prac- 
tice, reserving it for adolescents 
suffering from rectal or pharyngeal 
gonorrhea, where it still remains as a 
treatment of choice.” 

Finally, the syndrome has been 
mostly described in the German- 
speaking, east European, and medi- 
eal-dental literature. However, due to 
the language barrier and its unavaila- 
bility, the information did not reach 
the practicing American pediatrician. 
We stand by our statement: “few if any 
reports of Hoigne’s syndrome have ap- 
peared in the pediatric or adolescent 
medicine literature.”* Actually, the 
glory of the identification of the syn- 
drome belongs to Batchelor et al’; we 
merely claim to have alerted the pedi- 
atric community to this dramatic and 
unexpected disorder to prevent unnec- 
essary medical workups and unwar- 
ranted medical treatment. 

Tomas J. SILBER, MD 

LAWRENCE D’ANGELO, MD 

Department of Adolescent and 
Young Adult Medicine 

Children’s Hospital National 
Medical Center 

111 Michigan Ave NW 

Washington, DC 20010 

1. Lankin DL, Jewell GM, Grinvals HT, et al: 
Psychotic-like reaction to procaine penicillin G. 
Ann Emerg Med 1983;12:507-509. 

2. Green RL, Lewis JE, Kraus SJ, et al: Ele- 
vated procaine concentrations after administra- 
tion of procaine penicillin G. N Engl J Med 
1974;291:223-226. 

3. Sexually transmitted diseases guideline. 
MMWR 1982;31:375. 

4. Silber TJ, D’Angelo LJ: Psychosis and sei- 
zures following the injection of penicillin G pro- 
caine: Hoigne’s syndrome. AJDC 1985;139: 
335-337. 

5. Batchelor RCL, Horne GD, Rogerson HL: 


An unusual reaction to procaine penicillin in 
aqueous suspension. Lancet 1951;2:195-198. 


Preparticipation Examination 
of Athletes 


Sir.—The article by DuRant and col- 
leagues’ is disturbing in the narrow 
view it takes of the purposes of the 
preparticipation examination of ath- 
letes. 

The preparticipation examination is 
one of the few chances the physician 
(either pediatrician or family physi- 
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cian) has to make direct one-on-one 
contact with his or her patient. While 
the obvious agenda is to assure that 
the person ean participate safely in the 
athletic event(s), an equally important 
part of the examination is related to 
the development of an effective physi- 
cian-patient relationship and to some 
attempt at intervention in the major 
risk factors for patients of this age. 

In this latter regard it is interesting 
that the health history questions do 
not relate to seat belt use, alcohol 
consumption, smoking, stages of sex- 
ual development, or appropriate use of 
contraceptives. Although obviously 
not directly related to participation in 
sports examination, these factors are 
important in comprehensive patient 
care. Overwhelmingly, the reasons 
that adolescents are unable to partici- 
pate in sports and, in fact, suffer in- 
jury, disability, or death relate more to 
the risk factors than to the actual 
athletic participation. 

The evaluation of any health pro- 
gram must not look narrowly at such 
limited outcome indicators as physical 
findings. The health program or proce- 
dure must be placed in a larger eontext 
if the evaluation is to be meaningful. 
The preparticipation sports examina- 
tion should, in all cases, be done in 
private by the patient’s persona: physi- 
cian. 

JOHN W. BEASLEY, MD 
Department of Family Medicine 
and Practice 
University of Wisconsin School 
of Medicine 
Madison, WI 53715-1849 
1. DuRant RH, Seymore C, Linder CW, et al: 


The preparticipation examination of athletes. 
AJDC 1985;189:657-661. 


In Reply.—We agree with Dr Beasley 
that ideally the preparticipation phys- 
ical examination of athletes should be 
done in private by their personal phy- 
sician. In such situations an effective 
physician-patient relationship can be 
developed and age-appropriate risk- 
factor screening can be accomplished. 
The preparticipation examination then 
becomes one more step in the continu- 
ous care of the patient. 

However, personal health care for 
adolescents is not always available or 
affordable, particularly in inner-city 
areas where large groups of athletes 
might be clustered. Furthermore, not 
all physicians are well trained for or 
interested in providing a preparticipa- 
tion examination for athletes. It is in 


these situations that the station or 
group examination is an effective alter- 
native. In fact, our study demon- 
strated that personal physicians found 
significantly fewer abnormalities and 
made fewer recommendations con- 
cerning previous injuries recorded on 
the health history than physicians in 
the station examination group. Also, in 
communities where there are inade- 
quate numbers of primary care physi- 
cians, the station examination can ef- 
fectively utilize nonphysicians and 
certain specialists who would like to 
help but might not feel qualified to 
provide a complete preparticipation 
athletic examination. 

We feel that the preparticipation 
examination is very specific in its pur- 
pose and is not intended to replace 
comprehensive health care by a per- 
sonal physician. However, the prepar- 
ticipation examination can help to as- 
sociate athletics with the importance 
of good health care and might motivate 
the athlete to participate in a regular 
health care program. This is par- 
ticularly true if the coach, trainer, and 
team physician stress the importance 
of good health practices. 

CHARLES W. LINDER, MD 
RoBert H. DURANT, MA 
CAROLYN SEYMORE, MD 
Susan Jay, MD 
Department of Pediatrics 
Medical College of Georgia 
Augusta, GA 30912 


In Reply.—Dr Beasley’ concern 
brings into sharp focus the inability of 
today’s health care system to provide 
truly comprehensive adolescent health 
care to even the 5 to 7 million junior 
and senior high school participants in 
scholastic sport programs. As implied 
by Dr Beasley, young persons in this 
age group will usually have few, if any, 
contacts during a given year with 
health care providers. 

Increasingly, safe sport participa- 
tion demands a preparticipation health 
evaluation. In view of the numbers 
involved and the availability of health 
care professionals, there exists a need 
for a specific sport-directed examina- 
tion that will be effective, equally 
available to all, and economically feasi- 
ble. In addition, the examination 
should satisfy the following goals: 

1. Identify medical conditions that 
may preclude or interfere with safe 
and effective participation in any par- 
ticular sport. 

2. Identify medical conditions that 
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may be worsened by sport participa- 
tion. 

3. Assure the coaches that the ath- 
letes have a passable level of fitness 
and physical maturity for the sport 
program. 

4. Satisfy administrative needs for 
the school or other sponsoring agency. 
The important study reported by Du- 
Rant et al goes far to document the 
need for such a sport-directed, effec- 
tive evaluation. 

For those adolescents receiving 
their health clearance for sport as part 
of their comprehensive adolescent 
health care in a one-on-one medical 
encounter, it is important that specific 
sport-related aspects of health evalua- 
tion not be neglected, such as the 
orthopedic examination and the evalu- 
ation of the cardiovascular system, 
skin, and vision. This point is well 
documented by DuRant and col- 
leagues. 

NATHAN J. SMITH, MD 

Departments of Orthopedics 
and Pediatrics 

Division of Sports Medicine 

University of Washington 

Edmundson Pavilion, GB-15 

Seattle, WA 98195 


Noncooperation of Preschoolers 


Sir—We were interested in Dr 
Schmitt’s account’ of preschoolers who 
refused to be examined, and we would 
like to report some results concerning 
a group of sixty 3-year-old children 
who refused to cooperate during a neu- 
rologic examination for “soft signs.” 
These children were part of a larger 
cohort of 1,037 children, born between 
April 1, 1972, and March 31, 1973, in 
Dunedin, New Zealand.” The study of 
“soft signs” was part of an extensive 
investigation of the health and devel- 
opment of the sample at 3 years of age.’ 

The 60 children (37 boys and 23 girls) 
represented 5.8% of the sample. There 
was no significant association between 
sex of child and refusal to cooperate (x? 
analysis [1 df]=2.13; P>.05). In addi- 
tion, there was no association between 
refusal to cooperate and parental so- 
cioeconomic status based on a six- 
point index developed for New Zea- 
land* (x’ analysis [5 df]=6.53; P>.05). 
During separate psychological test- 
ing, each child in the sample was rated 
by an independent observer on 15 be- 
havioral scales from the Behavior Pro- 
file. The children who did not cooper- 
ate during the neurologic examination 
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ait 3 yr 
Comprehension 30.6 35.1 3.74 
Expression 30.8 36.1 4.71 
Walking 15.2§ 13.6§ 3.22 
Talking 18.7§ 16.6§ 2.37 
ER CE NS ELS Se: OE ETE TE, ee a 
FIQ 97.9 106.4 3.85 
Comprehension 47.2 51.1 5.44 
Expression 46.8 50.4 4.06 
Speech articulation 15.4 17.5 3.85 
Motor scales 
Leg coordination 9.2 10.5 4.32 
Arm coordination 5.0 5.5 NS 
Imitative action 3.5 3.7 2.40 
Draw-a-design 6.3 6.8 NS 


*PPVT indicates Peabody Picture Vocabulary Test; FIQ, full-scale IQ on the Stanford-Binet 


Intelligence Scale; and NS, not significant. 


tFor the refusal group, N = 60 at testing ages 3 and 5 years; for the remainder group, N=977 and 931 at 


testing ages 3 and 5 years, respectively. 


Values significant (P<.05) unless indicated otherwise. 


§Age in months. 


were rated significantly more often as 
showing more than usual concern or 
becoming upset by separation from the 
mother, being more inhibited and fear- 
ful, being more shy and withdrawn, 
being more negative, demanding a lot 
of attention, and showing little or no 
communication compared with the re- 
maining children. 

The Table shows the results of devel- 
opmental testing of these children at 3 
years of age and at a two-year follow- 
up (5 years of age). The measures at 3 
years of age were the Peabody Picture 
Vocabulary Test,’ the Reynell Devel- 
opmental Language Scales (compre- 
hension and expression),’ and the age 
at which the child walked and talked.’ 
The measures at 5 years of age were 
the full-scale IQ from the Stanford- 
Binet Intelligence Scale,* the Reynell 
scales, the MeCarthy Scales of Motor 
Ability,” and a measure of speech artic- 
ulation.” On nearly all measures at 
both ages, the children who refused to 
cooperate showed poorer language and 
motor development (Student’s t test). 
When compared with total scores on 
parent and teacher scales" of reported 
behavior problems at 5 years of age, 
there was no difference between the 
children refusing to cooperate and the 
sample remainder. However, the 
3-year-old children who refused were 
rated significantly more often by the 


mothers as being more solitary, more 
fearful of new things, more shy, and 
having more separation problems at 5 
years of age (P<.05). 
We suggest, therefore, that refusal 
to cooperate in examination at the pre- 
school age is associated with general 
shyness and timidity, and both lan- 
guage and motor delay. In addition, it 
is predictive of later fearfulness, 
poorer language and motor perform- 
ance, and lower IQ at school entry. As 
such, these children may well require 
further monitoring of development 
and behavior. 
Ros MCGEE, PHD 
PHIL A. SILVA, PHD 
The Dunedin Multidisciplinary 
Health and Development 
Research Unit 

Department of Paediatrics and 
Child Health 

University of Otago Medical School 

PO Box 913 

Dunedin, New Zealand 

1. Schmitt BD: Preschoolers who refuse to be 
examined: Fearful or spoiled? AJDC 1984;138: 
443-446, 

2. McGee R, Silva PA: A Thousand New Zea- 
land Children: Their Health and Development 
from Birth to Seven. Special Report Series 8. 
Auckland, New Zealand, Medical Research 
Council of New Zealand, 1982. 

3. MeGee R, Clarkson JE, Silva PA, et al: 
Neurological dysfunction in a large sample of 


3-year-old children. NZ Med J 1982;95:693-696. 
4. Elley WB, Irving JC: A socio-economic 
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index for New Zealand based on level of education 
and income from the 1966 census. NZ J Educ 
Studies 1972;11:155-167. 

5. American Collaborative Study on Cerebral 
Palsy, Mental Retardation, and Other Sensory 
Disorders of Infancy and Childhood: Part III-D. 
Manuals of Behavioral Examination. Bethesda, 
Md, National Institutes of Health, 1966. 

6. Dunn L: The Peabody Picture Vocabulary 
Test. Minneapolis, American Guidance Service, 
1965. 

7. Reynell J: Reynell Developmental Lan- 
guage Scales. London, National Foundation for 
Educational Research, 1969. 

8. Terman LM, Merrill MR: Stanford-Binet 
Intelligence Scale. Boston, Houghton Mifflin Co, 
1960 


9. McCarthy D: McCarthy Scales of Chil- 
dren’s Abilities. New York, Psychological Corp, 
1972. 

10. Silva PA: Dunedin Articulation Screening 
Scale. Dunedin, New Zealand, Otago Speech 
Therapy Association, 1980. 

11. Rutter M, Tizard J, Whitmore K: Educa- 
tion, Health and Behaviour. Harlow, England, 
Longman Group Ltd, 1970. 


In Reply.—Drs McGee and Silva pro- 
vide excellent data on 60 children 
noted to be uncooperative with health 
professionals at 3 years of age. These 
data confirm my concern that these 
children continue to have fearfulness, 
shyness, and separation problems at a 
follow-up visit at age 5 years. The data 
also underscore the need for active 
intervention rather than merely 
watchful waiting of this high-risk 
group. 

BARTON D. SCHMITT, MD 

Department of Pediatrics 

University of Colorado School 

of Medicine 

Box C230 

4200 E Ninth St 

Denver, CO 80262 


Cerebral Gigantism 


Sir.—It was a pleasure to read the 
neuropathologic study of the hypothal- 
amus and pituitary in cerebral gigan- 
tism by Whitaker and co-workers.’ In 
their discussion they stated that there 
is no known explanation for this condi- 
tion. However, I was involved in a 
series of investigations with two chil- 
dren who had this affliction and was 
able to make a number of novel obser- 
vations.” Since this article appeared in 
a less well-read publication, I thought 
that it would be of benefit to summa- 
rize it and its results here. 

In these two children, aged 10 and 19 
months, who had characteristic fea- 
tures of cerebral gigantism, the levels 
of serum growth hormone, somato- 
medin C, nerve growth factor, and 
epidermal growth factor were unre- 
markable. Fibroblasts derived from a 
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skin biopsy specimen from one child, 
when grown in confluent monolayer 
culture, demonstrated epidermal 
growth factor and somatomedin C re- 
ceptor concentrations that did not dif- 
fer from those of controls. Qualitative 
growth kinetics of these fibroblasts 
were also unremarkable. 

Serum and plasma protein dialysate 
from one child significantly stimulated 
the growth of AKR-2B mouse fibro- 
blasts in tissue culture when compared 
with adult and age-matched controls. 
This effect was reproducible. 

Confirming the statements of 
Whitaker et al, these results indicated 
that the currently assayable growth 
factors and fibroblast receptors for 
epidermal growth factor and somato- 
medin C are unremarkable in cerebral 
gigantism. The serum and plasma pro- 
tein stimulation of AKR-2B mouse fi- 
broblast growth in one child may be a 
demonstration of a novel growth factor 
in this condition. 

The reason one child demonstrated 
such a serum and plasma property and 
the other did not may be an age-related 
effect. Alternatively, cerebral gigan- 
tism may be a heterogeneous disease 
with different causes. This syndrome 
has been associated with a variety of 
disease processes including thyroid 
abnormalities, cerebral dysgenesis, 
macular degeneration, autonomic in- 
sufficiency, peripheral dysostosis, and 
intestinal polyposis. All of these 
diverse associations argue that this 
syndrome may arise from various 
causes, one of which may be related to 
this demonstrable growth effect. 

The laboratory investigations sum- 
marized above were conducted in the 
Cell Biology Laboratories of the Mayo 
Clinic (Rochester, Minn) and at Stan- 
ford (Calif) University Medical 
Center. 

AUDRIUS V. PLIoPLys, MD. 
FRCP(C) 

Laboratoire de Neurobiologie 

Hôpital de |’Enfant-Jésus 

1401, 18e Rue 

Quebec, Quebec, Canada GLJ 1Z4 

1. Whitaker MD, Scheithauer BW, Hayes AB, 
et al: The hypothalamus and pituitary in cerebral 
gigantism: A  clinicopathologic and immu- 
nocytochemical study. AJDC 1985;139:67$-682. 

2. Plioplys AV, Childs CL, Rosenfeld RG, 
et al: Growth factors and fibroblast growth factor 
receptors in cerebral gigantism, in Berg JM (ed): 
Perspectives and Progress in Mental Retarda- 


tion. Baltimore, University Park Press, 1884, vol 
2: Biomedical Aspects, pp 257-264. 


Circumcision 


Sir.—Swaffords updating of esti- 


mated penile cancer risks’ in uncir- 
cumcised US males—one in 602 in 1980 
to one in 909 Danish males in 1985— 
provides an interesting basis of com- 
parison. The often-overlooked fact is 
that, taking the Danish data, 908 of 909 
Danish males will not be at risk of 
penile cancer. 

EDWARD WALLERSTEIN 

225 W 106th St 

New York, NY 10025 


1. Swafford TD: Circumcision and the risk of 
cancer of the penis. AJDC 1985;139:112. 


In Reply.—I concur with Wallerstein’s 
observation. As he recently stated, 
“The threat of penile cancer hangs over 
the discussion of circumcision like 
some mystical demon. It deserves to 
be exorcised, not circumcised.” 

T. D. SWAFFORD, MD 

Group Health Medical Center 

200 15th Ave E 

Seattle, WA 98112 

1. Wallerstein E: Circumcision: The uniquely 


American enigma. Urol Clin North Am 
1985;12:123-130. 


Sodium Acetate Infusion to Correct 
Acidosis in Premature Infants 


Sir.—Ekblad and colleagues’ infer 
from their study that the infusion of 
sodium acetate corrected acidosis in 
very-low-birth-weight neonates. How- 
ever, without controls it might not be 
valid to make this assumption. It is 
quite possible that the resolution of 
metabolic acidosis which they ob- 
served might have occurred indepen- 
dent of acetate therapy. 

In a study of 62 acidemic neonates, 
Corbet and co-workers’ demonstrated 
that the correction of serum pH was 
not significantly effected by the ad- 
ministration of sodium bicarbonate. 
Arterial pH at 2, 3%, and 6 hours 
following birth was similar whether 
infants were given liberal amounts of 
bicarbonate or none at all. Corbet et al 
emphasized the importance of ade- 
quate ventilation and control of blood 
pressure in the correction of acidosis. 

The metabolic acidosis commonly 
observed in preterm infants following 
birth is due to a number of factors. 
Efforts to establish adequate ventila- 
tion, eardiac output, peripheral perfu- 
sion, renal output, control of infection, 
and provision of appropriate nutrition 
are much more likely to improve meta- 
bolic acidosis in the long run than the 
infusion of buffering solutions. The 
excessive use of buffer in neonates 
over the past 20 years has probably 
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caused greater morbidity than it has 
resolved. 
JOHN W. Kasık, MD 
JALLEH VAFAI, MD 
PAUL GoopRICH, MD 
Department of Pediatrics 
Creighton University 
School of Medicine 
601 N 30th St 
Omaha, NE 68131 
1, Ekblad H, Kero P, Takala J: Slow sodium 
acetate infusion in the correction of metabolic 
acidosis in premature infants. AJDC 1985;139: 
708-710. 
2. Corbet AJ, Adams JM, Kenny JD, et al: 
Controlled trial of bicarbonate therapy in high- 


risk premature newborn infants. J Pediatr 
1977;91:771-776. 


In Reply.—Kasik and colleagues 
criticize our use of sodium acetate in 
the fluid therapy of premature infants. 
In our study we set up a goal to avoid 
variations in osmolality by providing a 
stable water, sodium, and acid-base 
balance. Naturally, we made all efforts 
to establish adequate ventilation, car- 
diac output, peripheral perfusion, and 
renal output, as well as to control 
infection and provide appropriate nu- 
trition. But parallel to these manage- 
ments, we wanted to find guidelines 
for planning the fluid and electrolyte 
therapy. The infants were treated ac- 
cording to a restricted fluid regimen in 
an environment minimizing insensible 
water loss. It is our view that this 
approach gives the best opportunity to 
control water balance and water losses 
after birth. Furthermore, we believe 
that in all situations, other than those 
with an alkalosis, a base anion could 
routinely be a part of fluid administra- 
tion. Sodium acetate, without the 
problems of incompatibility associated 
with sodium bicarbonate, seems prac- 
tical in this respect since it addi- 
tionally provides the sodium that is 
required. 

According to data in the literature, 
the use of a buffer in the fluid therapy 
of neonates is controversial. Finberg’s 
opinion’ is that osmolal concentration 
gradients between plasma and the flu- 
ids of the central nervous system can 
be deleterious; a downhill gradient can 
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cause hemorrhage in the central ner- 
vous system, and a gradient in the 
opposite direction will result in cere- 
bral edema. Finberg also states that a 
slow rate of infusion of a buffer solution 
will not produce an osmolal concentra- 
tion gradient. We think that rapid infu- 
sions of hypertonic solutions by all 
means should be avoided. A slow and 
continuous infusion of base, on the 
other hand, cannot be blamed for caus- 
ing morbidity, and is one of many fac- 
tors in the efforts to establish “an 
appropriate internal milieu.” 

HENRIK EKBLAD, MD 

PENTTI KERO, MD 

Department of Pediatrics 

University Central Hospital 

of Turku 
SF-20520 Turku 52, Finland 
1. Finberg L: The relationship of intravenous 


infusions and intracranial hemorrhage: A com- 
mentary. J Pediatr 1977;91:777-778. 


Predictive Markers for Clostridium 
perfringens Sepsis in High-Risk 
Newborns 


Sir.—Warren et al’ suggest that mas- 
sive hemolysis in the newborn with 
necrotizing enterocolitis (NEC) may 
be due to Clostridium perfringens 
infection. In our experience, by the 
time massive hemolysis is manifest, 
systemic spread of C perfringens, its 
toxin, or both will have occurred, and 
institution of appropriate antibiotic 
therapy will probably be too late. 

We have carried out a long-term 
study on the patterns of the develop- 
ment of the enteric microflora in pre- 
term neonates at high risk for NEC. 
Our data suggest that early appear- 
ance of C perfringens in the feces of 
low-birth-weight, preterm infants may 
predict NEC.’ 

Although C perfringens appears 
early in the full-term infant’s stool 
(depending on feed composition),* col- 
onization patterns in preterm infants 
differ,‘ and therefore recognition of 
C perfringens in the feces provides a 
valuable marker for contamination. 
Furthermore, timing of colonization 
with C perfringens during the first 2 


weeks of life differs in infants who 
develop NEC compared with those 
who do not. 

In our study sample we found that 
40% of infants with NEC whose fecal 
flora was examined at first clinical 
suspicion for the disease had C per- 
fringens in their feces as compared 
with 13% of controls.’ During the first 
2 weeks of life, the difference was more 
obvious. Thirty-five percent of new- 
borns with NEC who were 14 days of 
age or less had C perfringens in their 
feces, as compared with 0% of the 
controls and with only 5% of high-risk, 
low-birth-weight newborns who did 
not develop NEC. 

Clostridium perfringens may be 
suspected by Gram’s staining of the 
feces. Furthermore, histotoxic C per- 
fringens is commonly distinctively en- 
capsulated so that preparation of two 
fecal smears, one for microorganisms 
sensitive to Gram’s stain and the other 
for capsules, allows recognition of 
these bacteria in the stool before cul- 
ture results are available. Routine sur- 
veillance smears examined twice a 
week for the first 2 weeks of life will 
alert the clinician to the possibility of C 
perfringens sepsis wellfhefore hemo- 
lysis is discernible. 

Microscopic examination of stained 
fecal smears may provide an earlier 
predictive warning marker than he- 
molysis for incipient C perfringens 
sepsis in the high-risk newborn. 

JOAN BLAKEY 

Department of Gastroenterology 

Royal Children’s Hospital 

Flemington Road 

Parkville, 3052 Victoria, 
Australia 

1. Warren S, Schreiber JR, Epstein MF: 
Necrotizing enterocolitis and hemolysis associ- 
ated with Clostridium perfringens. AJDC 1984; 
138:686-692. 

2. Blakey JL, Lubitz L, Campbell NT, et al: 
Enteric colonisation in sporadic neonatal necro- 
tizing enterocolitis. J Pediatr Gastroenterol 
Nutr, in press. 

3. Hentges DJ: Does diet influence human 
fecal microflora composition? Nutr Rev 1980;38: 
329-336. 

4. Blakey JL, Lubitz L, Barnes GL, et al: 


Development of gut colonisation in pre-term neo- 
nates. J Med Microbiol 1982;15:519-529. 
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CHILD NEUROLOGIST 


The Department of Medical 
and Surgical Neurology at 
Texas Tech University Health 
Sciences Center School of 
Medicine is recruiting a 
Board Certified/Eligible Pedi- 
atric Neurologist with interest 
and training in EEG and 
Evoked Potentials. Faculty 
rank and salary commensu- 
rate with prior experience. 
Responsibilities include pa- 
tient care, teaching, and an 
interest in research. Excel- 
lent opportunities for collab- 
oration with neuroscientists 
in other Departments for clini- 
cal and basic research. Can- 
didates should send a letter of 
inquiry and a SEMIA vitae 














University of Southern California 
School of Medicine 
and 
Childrens Hospital of Los Angeles offer 
THE SIXTEENTH ANNUAL REVIEW OF PEDIATRICS 
May 12-16, 1986 
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Residents—$250 
Credit: 25 hours of Category | AMA/CMA 


Contact: Associate Dean 
USC School of Medicine, Postgraduate Division 
2025 Zonal Avenue, KAM 307 
Los Angeles, CA 90033 
(800)421-6729 outside California 
(800)321-1929 within California 


Gustavo C. Ranin M.D. 
Department of Medical and 
Surgical Neurology 
TTUHSC 
Lubbock, TX 79430 


Texas Tech University is an Equal 
Opportunity, Affirmative Action Employer. 
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Editorials 


AJDC: The Past, Now, and the Future 


IP January 1983, I became editor of 

AJDC. Gil Forbes, MD, and his 
predecessors had given me and the 
editorial board a fine journal that had 
broad appeal and well-written, perti- 
nent articles for both practicing and 
academic physicians and others who 
were concerned with the health of chil- 
dren. As with all very good endeavors, 
there always are ways in which im- 
provement can be made and in which 
contemporary issues can be reflected 
to a different, and perhaps more effec- 
tive, degree than the older methods. 
Together with the editorial board and 
the staff at American Medical Associa- 
tion (AMA) headquarters in Chicago, I 
examined the policies and procedures 
of AJDC, the content of the journal, 
and the format with which articles 
were presented. Our goal was to seek 
those areas in which change could be 
made to make AJDC more effective in 
communicating its many messages to 
our readership. I would like to offer a 
progress report to our readers and also 
to indicate the ways in which the jour- 
nal will seek to improve in the future. 

One of the major changes attempted 
was to provide more articles of the 
“original report” type to our readers. 
We did so in the belief that critically 
designed, performed, and presented 
studies, both clinical and laboratory, 
were the primary purpose of a peer- 
reviewed journal in our discipline. We 
also wished to present careful observa- 
tions by astute clinicians in which new 
information was presented, even if the 
observation was a single one. To this 
end we eliminated the section titled 
CLINICAL MEMORANDA in favor of 
presenting all accepted reports as 
original articles. One result is that we 
have reduced the number of submis- 
sions of patient reports that really did 
not add to our knowledge except to 
increase the number of observations 
that had previously been made as orig- 
inal reports. Hence, patient reports 
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that were of the “me too” or “nth 
instance of x disease” have been totally 
eliminated. We still accept and publish 
patient reports, but we hope that each 
one now contributes a new observation 
or insight. 

In addition to our original erticles, 
we have developed three special sec- 
tions devoted, respectively, to <ransla- 
tion of research into practice, educa- 
tional innovations, and sports medi- 
cine. These complement and add to the 
regular features that were retained 
from the past, including the FICTURE 
OF THE MONTH and the RADIOLOGICAL 
CASE OF THE MONTH, two segments 
very popular with our readers. From 
time to time we have published reviews 
that do not fit neatly into any of our 
special features. We believe that the 
selection of topics for each of these 
specialized contributions has been 
timely, pertinent to our readers 
needs, and well written. 

Another major change has been in 
the traditional LETTERS TO THE EDI- 
TOR. We moved this section from the 
back of the journal to the front, re- 
labeled it PEDIATRIC FORUM, and en- 
couraged all of you to write to us, about 
us, and to each other, responding not 
only to articles that appeared in AJDC 
but also to contemporary issues that 
affected child care. Your response has 
been gratifying and the broad range of 
contributions has been encouraging. 
In addition, we have published in this 
section very brief observaticns that 
did not fit the usual origina. article 
format and contained new information 
of very limited extent but impcrtant to 
some of our readers. 

We also have made some “cosmetic” 
changes, from the design of our cover 
to the way in which tables anc figures 
are presented to changes in the ap- 
pearance of the articles. In 2ach in- 
stance we were less concerned with 
appearance, although we wished the 
appearance to be pleasing, than we 


were with the functional improvement 
that the change allowed. 

Finally, we tried to solicit editorial 
comment, both of the “go-with” vari- 
ety (eg, to accompany an article pub- 
lished in the same issue to highlight or 
clarify its messages) and of the inde- 
pendent type that dealt with an issue 
of overriding concern or importance in 
contemporary child health care. Thus, 
we featured a long editorial review on 
drug and substance abuse, several on 
changes affecting the profession, some 
on societal issues, and others on eth- 
ical concerns. 

Our editorial board has not re- 
mained static. We have added mem- 
bers as those whose terms expired 
were retired. In 1985 three additions 
were made: George Brown, MD, a 
pediatrician and biostatistician from 
New Mexico who had been a contribu- ` 
tor to AJDC for many years, joined the 
board to assist us in developing a sound 
statistical review policy and set of pro- 
cedures; Larry Finberg, MD, a distin- 
guished clinician, academician, and 
leader in pediatrics, was added to the 
board to strengthen us in fluid and 
electrolyte and metabolic areas, as 
well as in general pediatrics and con- 
temporary concerns; and Albert Pru- 
itt, MD, joined us as a nationally re- 
nowned clinical pharmacologist and 
toxicologist to augment us in these 
areas. Elizabeth McAnarney, MD, will 
provide needed advice in areas of ado- 
leseent medicine. Jim Keating, MD, 
also joins us to provide expert opinion 
in gastrointestinal areas, general pedi- 
atrics, and education. Finally, Milt Ar- 
nold, MD, a Los Angeles pediatrician 
with long-standing interest and in- 
volvement in practice and continuing 
education, completes our membership. 
Unfortunately, we have lost Ray 
Helfer, MD, Michael Cohen, MD, Ar- 
nie Smith, MD, James Sayre, MD, and 
Caroline Hall, MD, from our board. 
Ray left because of career changes and 


Editorials 15 


editorship of a major international 
journal; Michael because he assumed 
the presidency of his university; Arnie 
because of the press of other activities; 
and Jim and Caren because their terms 
ended. Jim and Caren were associate 
editors under Gil Forbes and contrib- 
uted significantly to the transition be- 
tween Gil’s editorship and mine. I am 
indebted to them for their efforts on 
behalf of AJDC, for their fine reviews, 
and for their input into our developing 
policies and procedures. In 1986 we 
will seek to replace these positions on 
our board with individuals in the areas 
of adolescent medicine, infectious dis- 
eases, and general pediatrics. 

It has been an exciting time, even 
exhilarating. We have enjoyed the col- 
legiality of the board, the receptivity 
of our readers, the cooperation of the 
staff at the AMA in Chicago and else- 
where, the friendship and advice of 


editors of the other AMA specialty 
journals, and the continued contribu- 
tions of authors and reviewers, with- 
out whom the activities and existence 
of AJDC would be purposeless. I must 
repeat my previous accolades to the 
host of reviewers who labor without 
compensation, providing the journal 
with hours of effort to render an objec- 
tive opinion concerning the merit of 
manuscripts and the studies or obser- 
vations that they represent. I continue 
to be utterly amazed, impressed, and, 
above all, gratified that these unsung 
heroes of the editorial process so will- 
ingly contribute their time and talent 
to the cause of providing our readers 
with as good a sampling of science as is 
possible. 

The future of AJDC will be more of 
the same. We hope never to lose the 
urge to search for ways to improve our 
content, to be responsive to our read- 


ers’ needs, and to reflect, in a balanced 
way, the disciplines, issues, and con- 
cerns related to child health. 

We will seek the very best of contri- 
butions, will encourage submissions of 
high quality and pertinence, and will 
attempt to render fair, objective evalu- 
ations. We will try to publish in a 
format that is useful to our readers and 
to modernize our operations in such 
fashion as to make the transition from 
submission of a manuscript to publica- 
tion as swift as is compatible with 
adequate evaluation and the very best 
presentation. We hope that you, our 
readers, authors, and reviewers, will 
continue to assist us in these efforts. 
Thank you. 

VINCENT A. FULGINITI, MD 
Editor, AJDC 

PO Box 43700 

Tueson, AZ 85733 


Renal Papillary Necrosis in Children 


With Chronic Arthritis 


With the increasing number and use 

of nonsteroidal anti-inflammatory 
drugs (NSAIDs) available over the 
counter or by prescription, both the 
physician and the consumer must be- 
come more familiar with the potential 
side effects. The NSAIDs have at least 
one common action: they inhibit the 


See also p 20. 





formation of prostaglandins (PGs). 
Many of the therapeutic effects, as 
well as the potential side effects, of 
these drugs are related to this action. 

“Prostanoids” are compounds that 
include the PGs and thromboxane. 
They are formed from the 20-carbon 
essential fatty acid, arachidonic acid, 
in many organs and tissues, including 
the kidney. The biochemistry and 
pharmacology of the renal PGs have 
recently been reviewed in detail.’ 

The PGs are formed by a series of 
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enzymatic reactions, the first being 
the release of arachidonic acid from 
phospholipid by phospholipase A. 
Arachidonic acid is converted by cyclo- 
oxygenase to the intermediate PGs, ie, 
PGG, and PGH.. These PGs are metab- 
olized further into the physiologically 
active forms of PGE., PGI, (prosta- 
cyclin), thromboxane A,, and PGF... 
The action of cyclo-oxygenase on 
arachidonic acid is inhibited by aspi- 
rin and the other NSAIDs.’ Prosta- 
glandins are not stored in the cells 
where they are formed, and these com- 
pounds have a relatively short half-life 
of minutes or seconds. Therefore, PGs 
act as local hormones, affecting the 
organ or tissue in which they are 
produced. 

The effects of the PGs on renal func- 
tion are complex and have been studied 
by either the infusion of a specific PG 
or arachidonic acid into the kidney or 
the inhibition of PG synthesis with one 


of the NSAIDs.’ Prostaglandin E, and 
prostacyclin are vasodilators that pro- 
duce an increase in renal blood flow. 
Prostaglandin E, also increases renal 
sodium excretion by its effect on renal 
blood flow and by the direct inhibition 
of tubular sodium reabsorption. Pros- 
taglandin E, and PGF,, appear to be 
important in the regulation of renal 
concentrating capacity, and they affect 
the actions of antidiuretic hormone.’ 
In addition, the PGs are important in 
the control of renin secretion by the 
kidney. Stimulation of renal PG syn- 
thesis increases renin secretion, while 
the NSAIDs inhibit renin secretion. 
Finally, PGs modify the effects of 
diuretics on renal function.*? For ex- 
ample, the inereases in both renal 
blood flow and renin release produced 
by the diuretic furosemide are inhib- 
ited by NSAIDs.* Furthermore, in hu- 
mans NSAIDs reduce the natriuretic 
effects of several diuretics.’ 
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In the past several years a number of 
drugs that inhibit cyclo-oxygenase 
and, therefore, PG synthesis have 
come into widespread use.** In ad- 
dition to aspirin, these drugs in- 
clude acetaminophen, indomethacin, 
sulindac, tolmetin, ibuprofen, and 
naproxen. These NSAIDs are of thera- 
peutic value because of their anti- 
pyretic, analgesic, and anti-inflam- 
matory properties.” Acetaminophen is 
the weakest anti-inflammatory drug 
and also the least potent inhibitor of 
PG synthesis.” 

In addition to their therapeutic 
value, the NSAIDs also have side ef- 
fects that appear to be related to their 
variable inhibition of cyclo-oxygenase. 
These side effects include ulceration of 
the gastrointestinal tract; inhibition of 
platelet function; modulation of uter- 
ine contraction; and effects on the 
kidney, including renal papillary ne- 
crosis and renal failure.**° Because of 
the increasing availability of NSAIDs, 
concern about their side effects and 
toxicity has increased. 

Henrich‘ has reviewed the evidence 
for the nephrotoxicity of NSAIDs. He 
points out that the nephrotoxicity 
might be manifest in several ways, 
including renal failure, interstitial 
nephritis, hyperkalemia, and sodium 
and water retention. Corwin and Bon- 
ventre have recently reported 26 
cases of renal failure in patients receiv- 
ing NSAIDs. Both reports make an 
important point. The effects of 
NSAIDs on renal function, including 
changes in renal blood flow and sodium 
excretion, appear to be minimal in 
individuals who are healthy. However, 


under conditions where cardiovascular 
stress is present, such as heart failure, 
sodium or water restriction, cehydra- 
tion, and diuretic therapy, the PGs 
might play an important role in regula- 
tion of renal function. Under these 
circumstances, inhibition of 2G syn- 
thesis might have deleterious effects 
on renal function. 

In this issue of AJDC, Aller. and co- 
workers® describe five children who 
developed renal papillary necrosis 
while being treated with several differ- 
ent NSAIDs. Along with the other 
previously published reports, Allen 
and colleagues demonstrate that renal 
papillary necrosis is one of the fre- 
quent renal complications of the use of 
NSAIDs. Like many patients, those 
reported by Allen et al were receiving 
several different drugs. Although this 
multiple administration can compli- 
cate the interpretation of the data, it 
should not detract from the impor- 
tance of the observation. 

The present observation is impor- 
tant because of the increasing avail- 
ability of a growing number of 
NSAIDs as over-the-counter drugs. 
While there is debate over the risk of 
nephrotoxicity from these drugs, more 
reports such as the present one are 
beginning to appear.‘ As in the case of 
the association between Reye’s syn- 
drome and aspirin, the nephrotoxic 
effects of NSAIDs can be difficult to 
see. Individuals who are in good health 
and who use NSAIDs for oceasional 
pain or fever are probably at low risk. 
On the other hand, patients who are 
following restricted diets, taking 
diuretics, or suffering from circulatory 


or vascular disorders might be at a 
higher risk. Furthermore, patients 
with chronic diseases, such as those 
reported by Allen et al, require long- 
term use of these drugs, which in- 
creases the likelihood of renal toxicity. 
As more drugs find their way into 

general use, we may see relatively rare 
complications becoming more com- 
mon. Both the physician and the public 
must keep these hazards in mind. As 
these drugs become available without 
prescription, the responsibility of the 
manufacturers to make the indications 
and contraindications clear will in- 
crease. It will also be the responsibil- 
ity of the user to understand these 
limitations. 

MICHAEL D. BAILIE, MD, PHD 

Department of Pediatrics 

University of Connecticut 

Health Center 
Farmington, CT 06032 
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Late Effects in Children With Cancer 


T'he overall outlook and prognosis for 
~ long-term remission have contin- 
ued to improve for children with cer- 
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Role of the Pediatrician 


tain cancers. A disease-free remission 
rate of over 80% at three years or 
greater from diagnosis has been ob- Hodgkin’s disease in all stages,’ chil- 


served in many situations in pediatric 
oncology, including children with 
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dren with Wilms’ tumors that have 
favorable histologic findings,’ and chil- 
dren with the more favorable subtypes 
of acute lymphoblastic leukemia 
(ALL).° 


See also p 49. 





An important aspect of ongoing care 
is to monitor and assess the quality of 
life and potential problems in the long- 
term survivors of childhood cancer. 
Cooperative groups (such as the Chil- 
dren’s Cancer Study Group and the 
National Wilms’ Tumor Study) in- 
volved in the design of treatment of 
childhood cancer have developed late- 
effects study groups to evaluate the 
long-term outcome of cancer treat- 
ment. Individual pediatric oncology 
centers also have a responsibility to 
monitor these outcomes. Information 
generated by such studies enables pe- 
diatric oncologists to assess the long- 
term toxic side effects of treatment 
regimens. These data would then 
hopefully result in future design and 
evaluation of treatment that would 
eliminate or at least minimize unde- 
sirable late effects. 

Why is such a specialized area of new 
knowledge relevant in a general pedi- 
atric practice? During the initial sev- 
eral years following cancer diagnosis, 
the specific anticancer treatment and 
evaluation are managed either entirely 
at the pediatric oncology center or ina 
community setting that is very closely 
supervised by the oncology center. 
Early complications of therapy are 
thus evaluated by a member of the 
multidisciplinary pediatric oncology 
team. During this period other pedi- 
atric practitioners maintain an in- 
volvement in the management of prob- 
lems that may not specifically be 
related to the cancer or its treatment. 
However, as specific anticancer ther- 
apy is discontinued and the risk of 
cancer recurrence lessens with time, 
children with cancer are evaluated at 
less frequent intervals in the oncology 
center. The patient with symptoms is 
thus more likely to be evaluated by the 
primary care provider, particularly if 
the new problem or complaint is not 
perceived by the patient or family to be 
related to cancer or its treatment. This 
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situation is potentially accentuated by 
the mobile nature of contemporary so- 
ciety in that at the time the new com- 
plaint develops, the patient may be 
residing at a location geographically 
far removed from the oncology center 
that provided the initial cancer man- 
agement. 

One of the major late effects causing 
increasing concern is the development 
of a second primary tumor in the long- 
term survivors of childhood cancer. In 
this issue of AJDC, Takaue et al‘ de- 
scribe the occurrence of a central ner- 
vous system gliosarcoma in an ll-year- 
old boy five years after diagnosis and 
subsequent successful treatment of 
Hodgkin’s disease. This case illus- 
trates one of the difficulties with the 
problem of the second malignant tu- 
mor, namely, the relatively long and 
somewhat unpredictable latency inter- 
val between the treatment of the initial 
cancer and the development of the 
second tumor. The range of the latency 
interval varies from several months to 
many years after the diagnosis of the 
initial malignant neoplasm, with a 
mode of five to 15 years. The most 
frequent second malignancy observed 
in long-term survivors of Hodgkin’s 
disease has been acute nonlympho- 
cytic leukemia,’ although reports of 
solid tumors are now beginning to ap- 
pear. Of interest is the observation 
that when secondary acute leukemia 
occurs in patients with Hodgkin’s dis- 
ease, there are often certain nonran- 
dom chromosomal changes within 
the leukemia tumor cells. The most 
frequently observed chromosomal 
changes have been deletions of chro- 
mosome 5 and/or 7,° which are similar 
to chromosomal abnormalities in adult 
patients whose leukemia is a primary 
malignancy that is possibly related to 
environmental exposure.’ Second ma- 
lignant neoplasms have also been ob- 
served in other childhood cancers, in- 
cluding Wilms’ tumor, retinoblastoma, 
and ALL. Certain second malignant 
neoplasms can be related to a specific 
exposure such as radiation therapy. 
However, second malignant neoplasms 
can also occur in some children who 
received neither radiation therapy nor 
chemotherapy. For example, an in- 
creased incidence of second tumors 
such as osteogenic sarcoma has been 


observed in patients with bilateral ret- 
inoblastoma treated only by enuclea- 
tion. Chemotherapeutic agents impli- 
cated in oncogenesis have included 
nitrosoureas, other alkylating agents, 
and procarbazine hydrochloride. 
Takaue et al‘ also review the reported 
incidence of second malignant neo- 
plasms in children treated for Hodg- 
kin’s disease. The current reported 
incidence of approximately 3%, how- 
ever, is likely to prove to be an under- 
estimate, as many children in the re- 
ported series have not been followed 
up throughout their period of risk, 
which extends greater than 20 years 
from the time of initial diagnosis. 

The development of a second malig- 
nant neoplasm is by no means the only 
major late effect of childhood cancer 
treatment. Another specific late effect 
with which the pediatric practitioner 
should have some familiarity is the 
neuropsychological changes that can 
occur in children with ALL.* The long- 
term survivors of ALL usually have no 
abnormalities on routine neurological 
examination, but may have neuro- 
psychological changes that result in 
learning disabilities in school. Careful 
monitoring of school performance is a 
necessary part of long-term follow-up 
of ALL survivors, with appropriate 
psychological testing and intervention 
if difficulties are observed in the class- 
room. 

Despite the concerns raised about 
the above major effects, there are 
positive aspects of the late-outcome 
data. For example, long-term survi- 
vors of Wilms’ tumor have been ob- 
served to have children with no in- 
crease in the incidence of spontaneous 
abortions or congenital malformations 
compared with that observed in the 
general population.” The observation 
of the neuropsychological sequelae in 
patients with ALL has resulted in 
study designs that attempt to mini- 
mize the effects of central nervous 
system therapy in selected children 
with favorable prognostic factors. 

The careful gathering and evalua- 
tion of late-outcome data remains an 
ongoing task. In our era of evolving 
systems of health care delivery, pedi- 
atricians need to continue to support 
the concept of the multidisciplinary 
center dedicated to the management of 
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the child with cancer. Such pediatric 
oncology programs will allow not only 
the best state-of-the-art care and con- 
tinued research investigations for chil- 
dren with cancer, but also for the con- 
tinued analysis of late effects of 
treatment. Modification of treatment 
based on late-effects analysis will po- 
tentially result in a better quality of 
life for the increasing number of long- 
term survivors of childhood cancer. 
JOHN J. HUTTER, JR, MD 
Department of Pediatrics 
Arizona Health Sciences Center 
1501 N Campbell Ave 
Tucson, AZ 85724 


A old adage has it that “not all that 

wheezes is asthma.” Similarly, not 
all “spells” in children are seizures. In 
this issue, Drs Holmes and Russman’ 
report on children with another non- 
seizure state, shuddering attacks, so 
named because of the shiveringlike 
movements made by children during 
the brief spells. The episodes occur 
spontaneously, often multiple times 
per day. They share many characteris- 
tics of seizurelike phenomena, includ- 
ing abrupt onset, stiffening of the 
arms, repetitive motor movements, 
and a positive family history of epi- 
lepsy. However, there is no alteration 
of consciousness and no postictal leth- 
argy. Simultaneous electroencephalo- 
graphic (EEG) telemetry and video- 
tape monitoring show no concomitant 
epileptiform abnormalities during the 
episodes. The authors postulate that 
shuddering spells are benign, do not 
represent a form of epilepsy, and do 
not require anticonvulsant therapy. 
Our experience with several recent 
patients with shuddering spells seen in 
the Pediatric Neurology Clinic at the 
Arizona Health Sciences Center, Tuc- 
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‘Shuddering Spells’ 
Seizures or Not? 


son, confirms Holmes and Russman’s 
observations. 


See also p 72. 








If these spells are not seizures, what 
are they? Some of the family members 
have had essential tremor, and earlier 
authors have suggested a possible 
association with this benign, familial 
affliction of adults. The precise neuro- 
chemical or neurophysiologic mecha- 
nism of this intriguing link is totally 
unknown. Whether childrer with 
shuddering spells will grow up to have 
other movement disorders is also un- 
known. 

Could they possibly be seizures, 
with the scalp EEG simply failing to 
register deeper-seated paroxysmal 
epileptiform discharges? It is pessible, 
but the children had no other forms of 
epilepsy or neurologic impairment, 
the spells did not respond to anticon- 
vulsant therapy, and they subsided 
spontaneously. However, a normal 
EEG, even during the spells, dees not 
unequivocally rule out epilepsy, any 
more than an abnormal tracing rules it 
in with certainty. Perhaps tke epi- 
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sodes represent some type of parox- 
ysmal autonomic phenomenon like 
sneezing, lacrimation, or yawning. Or, 
like rocking or head banging in tod- 
dlers, maybe they are just poorly un- 
derstood but harmless “spells.” 

The important take-home message 
is that shuddering spells are benign 
and should not, as far as we can tell 
now, be considered a form of epilepsy. 
They should be added to the list of 
benign nonseizure states in children, 
including breath-holding spells, ah. 
puncture fits, vasovagal syncope, and 
benign paroxysmal vertigo. Obtaining 
the characteristic history, long a pedi- 
atrician’s best friend, will lead to a 
correct diagnosis and the avoidance of 
unnecessary diagnostic tests. 

Praecy C. Ferry, MD 
Department of Pediatrics 
Arizona Health Sciences Center 
1501 N Campbell Ave 

Tucson, AZ 85724 
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Renal Papillary Necrosis in Children With Chronic Arthritis 


Roger C. Allen, MB, BS, FRACP; Ross E. Petty, MD, PhD, FAAP; David S. Lirenman, MD, FRCP(C), FACP; 
Peter N. Malleson, MB, BS, MRCP; Ronald M. Laxer, MD, FRCP(C) 


è Five ambulatory children with vari- 
ous types of chronic arthritis developed 
renal papillary necrosis (RPN), as docu- 
mented by intravenous pyelography. 
Each child was being treated with 
nonsteroidal anti-inflammatory drugs 
(NSAIDs) at the time of diagnosis of RPN 
and had had episodes of gross or micro- 
scopic hematuria for several months 
prior to diagnosis. In each child hematu- 
ria was associated with more than one 
NSAID, and three of the five children 
also had ingested acetaminophen 
intermittently. Glomerular function has 
remained normal and hypertension has 
not developed, but management of these 
children has necessitated reduction 
or elimination of NSAIDs. As evidenced 
by these five cases, microscopic or 
gross hematuria in a child with chronic 
arthritis treated with anti-inflammatory 
drugs should raise the possibility of 
RPN. 

(AJDC 1986;140:20-22) 


[)ocumentation of nephrotoxicity of 

the more commonly used non- 
steroidal anti-inflammatory drugs 
(NSAIDs) has been sparse in the pedi- 
atric age group. Wortmann and col- 
leagues’ have described three children 
with juvenile rheumatoid arthritis 


For editorial comment see p 16. 


(JRA) and severe functional impair- 
ment who developed renal papillary 
necrosis (RPN) that was ascribed to 
NSAIDs; the authors postulated a 
state of chronic relative dehydration as 
a major contributing etiologic factor. 
We have been unable to find other 
reports of RPN ascribed to NSAIDs in 
childhood. In adults, analgesic and 
anti-inflammatory agents, particu- 
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larly phenacetin and aspirin in combi- 
nation, have been implicated in the 
development of RPN and chronic in- 
terstitial nephritis.*® In only 11 in- 
stances, however,*" has there been 
documentation of a direct association 
between RPN and specific NSAIDs. 

The present report documents the 
occurrence of RPN in five children 
with chronic arthritis who were receiv- 
ing one or more anti-inflammatory 
drugs at the time of diagnosis. 


PATIENT REPORTS 


PATIENT 1.—A 15-year-old girl devel- 
oped systemic onset JRA in December 1979 
at age 11 years. She was treated with as- 
pirin but suffered frequent debilitating 
flares in her disease; after a brief trial of 
indomethacin (75 mg/day), tolmetin sodium 
(24 mg/kg/day) was added. After 13 months 
of unremitting disease, intermittent, high- 
dose, intravenous methylprednisolone 
(30 mg/kg), low-dose prednisone (5 mg/day), 
and gold sodium thiomalate were used. 
Aspirin-tolmetin therapy was continued. 
Low-grade, intermittent, microscopic hem- 
aturia (one to five red blood cells [RBCs] 
per high-power field [hpf]), noted prior to 
starting gold therapy, became gross hema- 
turia six weeks later. Penicillamine therapy 
replaced gold therapy, but four weeks after 
starting the new treatment a second epi- 
sode of gross hematuria occurred and peni- 
cillamine therapy was also discontinued. 
An intravenous pyelogram (IVP) was nor- 
mal and renal biopsy showed an immune 
complex mesangiopathic glomerulonephri- 
tis. Antinuclear antibody (ANA) was pres- 
ent in a titer of 1:40, but anti-DNA antibody 
was not detected; C3 and C4 levels were 
normal. Urine eultures were negative. Be- 
cause of active systemic features of the 
disease, daily oral methylprednisolone and 
hydroxychloroquine sulfate (6 mg/kg/day), 
in conjunction with tolmetin and aspirin, 
were prescribed. Microscopic hematuria 
(10 to 100 RBCs per hpf) persisted. In 
July 1982 tolmetin was discontinued and 
naproxen (15 mg/kg/day) was added. Four 
months later gross hematuria again oc- 
curred and a second IVP, 13 months after 
the initial IVP, revealed RPN. Hematuria 
persisted for eight months and then 


stopped, and it has not recurred de- 
spite continuing ingestion of aspirin and 
indomethacin. 

PATIENT 2.—A 4-year-old girl with 
pauciarticular JRA affecting both knees 
and both ankles first presented with this 
disease at the age of 21 months in April 
1980. A test for ANA was positive (titer, 
1:150), but rheumatoid factor was not de- 
tected. Aspirin therapy was started at a 
dosage of 65 mg/kg/day. Gross hematuria 
occurred two months later. An IVP was 
normal but aspirin therapy was discon- 
tinued and tolmetin sodium (30 mg/kg/day) 
was introduced. Continued disease activity 
prompted the reintroduction of aspirin 
therapy (70 mg/kg/day), but three weeks 
later gross hematuria recurred. Aspirin 
therapy was stopped, but while receiving 
only tolmetin, the patient continued to have 
intermittent microscopic hematuria that on 
only one occasion was associated with an 
Escherichia coli urinary tract infection. 
Due to inadequate disease control, tolmetin 
therapy was discontinued and naproxen 
therapy (14 mg/kg/day) was started in May 
1982. In March 1983 microscopic hematuria 
recurred, and a seeond IVP demonstrated _ 
RPN (Figure). Hematuria continued for 
one year but stopped on substitution of 
sulindac for naproxen and has not recurred. 

PaTIENT 3.—A 15-year-old girl devel- 
oped polyarticular JRA with Felty’s syn- 
drome in May 1979 at the age of 10 years 6 
months. At that time she had symmetrical 
polyarthritis with subcutaneous nodules,- 
low-grade fever, splenomegaly, and neu- 
tropenia (500 neutrophilic leukocytes per 
cubic millimeter). No rash was present. 
Urinalysis results and levels of C3 and C4 
were normal. Treatment with aspirin 
(85 mg/kg/day) was initiated. Over the fol- 
lowing nine months, courses of tolmetin 
sodium (up to 30 mg/kg/day) followed by 
naproxen (16 mg/kg/day) were used in con- 
junction with aspirin. However, as the dis- 
ease continued to progress rapidly, peni- - 
cillamine (4 mg/kg/day) was added to the 
aspirin in December 1979. The patient’s 
disease continued unchanged, and after 
four months penicillamine therapy was dis- 
continued and prednisone (15 mg on alter- 
nate days) was started. Eighteen months 
from the onset microscopic hematuria 
(35 RBCs per hpf) was noted, despite which 
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_ Summary of Case Reports of Renal Papillary Necrosis Associated 
sages isi Nonsteroidal Anti-inflammatory Drug ingestion* 


tcxbon, yr 
Morales and Steyn,* 1971 
Lourie et al,> 1977 AS 
AS 


AS 


Husserl et al,® 1979 
Robertson et al,” 1980 
Wortmann et al,’ 1980 JRA 


JRA 
JRA 


Shah et al,® 1981 
Erwin and Boulton-Jones,? 1982 RA 
Mitchell et al,’° 1982 JRA 


Caruana and Semble,'' 1984 


Underlying Diseaset 
“Arthritis” 


SLE & UTI 
Arthralgia 


Arthralgia 


Drug Implicated 
Phenylbutazone 
Phenylbutazone 


Age, yr 


Aspirin, indo- 
methacin 


Ibuprofen, indo- 
methacin 


Fenoprofen 

Mefenamic ecid 

Aspirin 

Aspirin, ibup ofen, 
tolmetin 


Aspirin, tolmstin, 
acetaminoohen 


Ibuprofen 
Benoxaprofe 
Indomethacin 
Indomethacin 
Naproxen 





*Renal papillary necrosis diagnosed roentgenographically or histologically. 
tJRA indicates juvenile rheumatoid arthritis; SLE, systemic lupus erythematosus; UTI, urirary tract 
infection; AS, ankylosing spondylitis; and RA, rheumatoid arthritis. 





Bilateral papillary necrosis. Example is shown in upper pole of left kidney (arrow). 


gold sodium thiomalate treatment was 
slowly introduced. Clinical improvement 
‘ allowed reduction in steroid therapy and a 
decrease in the frequency of gold adminis- 
tration without any increase in the amount 
of hematuria. Eighteen months later, in 
June 1982, a steady deterioration in joint 
disease occurred that was not responsive to 
reinstitution of weekly therapy of gold and 
hydroxychloroquine sulfate (5 mg/kg/day). 
Increased microscopic hematuria (20 to 
25 RBCs per hpf) was noted in May 1983 
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while the patient was receiving aspirin, 
prednisone, gold, and hydroxychlorequine. 
An IVP revealed RPN. Hematuria per- 
sisted for ten months despite substitution 
of sulindac for aspirin; it then resolved and 
has not recurred. 

PATIENT 4.—In 1978 at the age of 11 
years, a boy developed insertional -nflam- 
mation (enthesitis) at the ischial tuberosit- 
ies and heels and arthritis in the lef= knee. 
Following these developments were red- 
ness and swelling of the distal interphalan- 
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geal joint of the right second toe and swell- 
ing of the left ankle, right knee, and left 
wrist. Histocompatibility antigen B27 was 
present, supporting a clinical diagnosis of 
early juvenile ankylosing spondylitis. He 
was treated with aspirin (50 mg/kg/day) 
and tolmetin sodium (10 mg/kg/day), but 
when these agents failed to control his in- 
flammatory signs, tolmetin sodium was dis- 
continued and indomethacin (2 mg/kg/day) 
was added to aspirin therapy. Intermittent, 
severe exacerbations of enthesitic pain 
required brief treatment with oral pred- 
nisone. Urinalysis results during the pe- 
riod from 1979 to 1983 were uniformly nor- 
mal. On the occasion of a routine review in 
November 1983, the urine was found to con- 
tain 100 to 125 RBCs per hpf without sig- 
nificant proteinuria. An IVP revealed bilat- 
eral RPN. Hematuria resolved rapidly 
after substituting sulindac for indomethacin. 

PATIENT 5.—In 1977 at the age of 7 
years, a girl with an onset of arthritis in 
ankles, hips, knees, and temporoman- 
dibular joints was treated with aspirin for a 
period of one year. She remained well until 
the age of 12 years when the left knee 
became swollen and painful. A patient his- 
tory of psoriasis with transient nail pitting 
and a maternal history of recurrent acute 
iritis led to a diagnosis of psoriatic arthri- 
tis. Aspirin (60 mg/kg/day) failed to control 
the inflammation in the knees, and keto- 
profen (8 mg/kg/day) was added to the 
aspirin. This therapy was ineffective, so 
ketoprofen was discontinued and tolmetin 
sodium (30 mg/kg/day) was added. Hema- 
turia (400 RBCs per hpf) was first noted 
one month later (no previous urinalyses 
were performed). An IVP done three 
months later showed bilateral papillary ne- 
crosis. Hematuria continued for two months 
despite the use of sulindac instead of aspirin 
in the treatment; however, the hematuria 
resolved once all NSAIDs were stopped. 

Renal function (serum urea nitrogen, 
creatinine clearance) has been repeatedly 
evaluated in each patient and has been 
consistently normal. No patient has been 
hypertensive and, except for patient 2, 
none has had urinary tract infections al- 
though urine cultures have been performed 
repeatedly. Patients 1, 3, and 5 have in- 
gested acetaminophen intermittently, but 
the other two patients deny its use. 


COMMENT 


The patients presented herein bring 
the number of reported children with 
chronic arthritis complicated by RPN 
to eight. These patients represent a 
broad spectrum of disease type, and 
functional disability has ranged from 
severe (patients in the series of Wort- 
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mann et al’) to mild or none (present 
series). 

The two circumstances common to 
these eight patients are the presence 
of chronic inflammatory joint disease 
and the ingestion, over periods from 12 
to 36 months, of substantial quantities 
of prescribed anti-inflammatory drugs 
and occasionally of self-administered 
acetaminophen. There is no evidence 
to support a direct relationship be- 
tween chronic inflammatory joint dis- 
ease and RPN. In large, retrospective 
autopsy studies of adults with rheu- 
matoid arthritis, RPN has been dem- 
onstrated in 23% to 30%”; however, 
many of these patients also had other 
renal diseases, such as pyelonephritis 
or amyloidosis, and all patients had 
also been treated with large doses of 
anti-inflammatory and analgesic 
drugs. 

Although analgesic and anti-inflam- 
matory drugs have been implicated as 
a major cause of RPN, the relative 
infrequency with which this complica- 
tion has been documented during life 
in patients with arthritis treated with 
such agents raises the question of the 
strength of this association. Epidemio- 
logic studies have suggested that the 
contribution of analgesics and anti- 
inflammatory drugs to the develop- 
ment of RPN detected during life is 
probably quite small.“ Neverthe- 
less, urinary excretion of N-acetyl-B- 
glucosaminidase, a sensitive indicator 
of renal damage, has been shown to 
increase following salicylate therapy in 
patients with rheumatoid arthritis as 
well as in healthy controls, suggesting 
that continuing renal damage occurs in 
patients taking aspirin on a long-term 
basis.” 

The wide range of anti-inflamma- 
tory drugs that have been implicated 
(Table) suggests that their common 
pharmacologic effect, inhibition of 
prostaglandin synthesis, might be the 
central pathogenic process.” Gold- 
berg” also suggested that salicylates 
may contribute to RPN by inhibition of 
enzymes that protect against damage 
from oxidants such as acetaminophen, 
which is the major metabolite of phe- 
nacetin and is a frequently and casu- 
ally used analgesic-antipyretic agent 
in children.” 

Other factors almost certainly con- 
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tribute to the development of RPN. 
These include dehydration, diabetes 
mellitus, urinary tract infections, 
ureteral obstruction, and sickle-cell 
disease.” Except for one documented 
urinary tract infection (patient 2), 
these factors did not appear to contrib- 
ute to disease development in our pa- 
tients. 

Due to the insidious onset of RPN in 
many cases, the diagnosis can be diffi- 
cult. Microscopic hematuria can occur 
in up to 4% of normal school-aged 
children on at least one occasion,” and 
in Anttila’s study” of urinary sediment 
abnormalities in children with JRA, 
23% had microscopic hematuria for 
periods of up to three weeks. 

Other causes of hematuria in chil- 
dren with JRA include glomerulo- 
nephritis complicating gold or penicil- 
lamine therapy,” hypercalciuria,™ 
and amyloidosis.” Once a diagnosis of 
RPN is established, it seems prudent 
to decrease or, if possible, discontinue 
the suspected drug and use an alter- 
native treatment. Of our five patients, 
two have received intra-articular tri- 
amcinolone hexacetonide into the 
more active joints. Three patients have 
been given sulindac because of its ap- 
parent renal-sparing effect,” but it is 
uncertain what role this drug has 
played in resolution of the hematuria in 
our patients. Children receiving reg- 
ular NSAID therapy should have reg- 
ular urinalyses and should be directly 
counseled about the use of nonpre- 
scription preparations. Intravenous 
pyelograms should be performed if 
persistent hematuria occurs, and con- 
sideration should be given to repeating 
the IVP several months later if it was 
normal on the first occasion but if 
hematuria persisted thereafter. 


Dr Allen was the D.E.V. Starr Fellow in Rheu- 
matology of the Royal Australasian College of 
Physicians; Dr Laxer was a Fellow of The Arthri- 
tis Society of Canada; and Dr Malleson is an 
Associate of the Arthritis Society of Canada. 
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Transfusion-Acquired Hepatitis A in a 
Premature Infant With Secondary Nosocomial Spread 
in an Intensive Care Nursery 


Parvin H. Azimi, MD; Ronald R. Roberto, MD; Jack Guralnik, MD; 


Timothy Livermore, MD; Silvija Hoag, MD; Shirley Hagens, MA; Nelia Lugo, RN 


èe An outbreak of hepatitis A involving 
15 nurses, two premature infants, and 
the mother of one infant occurred in an 
intensive care nursery. The infants be- 
came infected after receiving blood 
transfusions from a donor who shortly 
thereafter experienced symptoms com- 
patible with hepatitis A and was later 
found to have serologic evidence of 
acute hepatitis A. Hepatitis was not sus- 
pected clinically in the infants but was 
documented serologically. One of the 
infants had an ileostomy with liquid in- 
testinal drainage. Her mother and most, 
if not all, of the nurses acquired hepatitis 
from this infant. All 15 nurses had con- 
tact with this infant, whereas only four 
nurses had contact with the second in- 
fant. The amount of contact nurses had 
with this infant clearly was related to 
their risk of infection. Nurses not actu- 
ally assigned to this infant but who re- 
ported some contact had a significantly 
lower attack rate than those assigned to 
the infant. Among assigned nurses, 
those assigned to more than one shift 
had 4.7 times the risk of acquiring hepa- 
titis than those assigned to one shift 
only. No specific nursing techniques or 
personal habits were documented as be- 
ing significant risk factors in the in- 
fected group of nurses. 

(AJDC 1986;140:23-27) 
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Heratitis A virus (HAV) is considered 
to be an infrequent cause of noso- 
comial infection in patients or in hospi- 
tal personnel and as such has been 
reported sporadically. This infre- 
quency is probably due to the fact that 
the peak fecal shedding of the virus 
occurs prior to the development of 
jaundice and hospitalization in most 
instances.’” Most reports of the noso- 
comial transmission of HAV in the past 
were based on epidemiologic informa- 
tion and could not be confirmed due to 
unavailability of serologic tests.” 
Since the advent of serologic tests for 
diagnosis, several confirmed reports of 
nosocomial transmission of HAV have 
appeared, highlighting the real risk of 
this form of transmission.*” In most 
reports, transmission occurred after 
exposure to an index case with one or 
more of the following features: an 
asymptomatie course; anicteric dis- 
ease with or without diarrhea; a pa- 
tient in the prodromal phase of illness 
when fecal shedding would be at its 
maximum; and fecal incontinence. 
Hepatitis A rarely spreads by par- 
enteral routes; patients receiving 
transfusions such as hemophiliacs, 
thalassemics, and patients undergoing 
hemodialysis show the same preva- 
lence of anti-HAV as healthy blood 
donors and comparable general popu- 
lations." Several well-documented 
cases of transmission of hepatitis A by 
blood products, however, have re- 
cently appeared in the literature.” 
Herein, we report an outbreak of 
hepatitis A involving 15 nurses and two 
premature infants in an intensive care 
nursery (ICN). Evidence will be pre- 
sented that both infants acquired hep- 


atitis A as a result of blood transfu- 
sions from a common source donor. 
Further evidence suggested that in- 
fant 1, who had required an ileostomy, 
was the source of infection for most, if 
not all, of the affected nurses. 


SUBJECTS AND METHODS 


The status of immunity to hepatitis A was 
determined by testing serum samples for 
the presence of IgG anti-HAV and IgM 
anti-HAV antibodies using radioimmuno- 
assay procedures. A case was defined as 
positive if IgM-specific anti- HAV was pres- 
ent. Serosusceptibility during the outbreak 
was considered to be present in both those 
patients with a positive IgM test result and 
those patients with negative test results for 
both IgG and IgM. 

A standardized questionnaire was pre- 
pared and distributed to all ICN personnel. 
This questionnaire requested demographic 
data as well as information on contacts with 
the two patients with suspected source 
cases, procedures carried out on the il- 
eostomy of the patient who was the index 
case, and personal practices such as hand 
washing, nail biting, and smoking. The 
questionnaire was mailed directly to the 
state health department for coding to en- 
sure confidentiality. 

All staff members in the ICN were en- 
couraged to participate in this investiga- 
tion. Staff members with exposure were 
considered to be in one of the three follow- 
ing categories: (1) nursing staff assigned to 
the patient who was the index case; (2) 
nursing staff not assigned to the patient 
who was the index case but with some 
contact; and (3) nonnursing staff with some 
contact with the patient who was the index 
case. Assignment was determined by re- 
viewing the infant’s chart and nursing per- 
sonnel records. The other two categories of 
exposure relied on staff recalling a contact 
and reporting it on the questionnaire. Sta- 
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Fig 1.—Dates of exposure and onset of hepatitis A in nurses; events in life of infant 1. Not shown is 
date of onset in one asymptomatic LVN. 


tistical analysis was performed using 
Fisher's exact test. 


The Outbreak 


The outbreak of hepatitis A involved 15 
, nurses, including seven RNs and eight 
LVNs. An LVN with the first case was 
noted to be jaundiced on March 21 after a 
ten-day illness (Fig 1). Nine days later, 
another nurse developed jaundice and 
thereafter more cases occurred; a total of 15 
cases occurred over a 38-day period from 
March 21 to April 27 (Fig 2). Although two 
of these nurses had primary assignments in 
other wards, they each had spent one shift 
working in the ICN. The rest were all 
assigned to the ICN. Serum samples from 
all infected nurses were positive for IgM- 
specific anti-HAV. Immune globulin was 
given to other nurses in the ICN, family 
members of the infected nurses, and all 
infants in the ICN. 

Two general modes of transmission were 
considered in the initial investigation: (1) a 
common-source food and (2) a common fac- 
tor in the nursery. Nurses in this unit had 
potluck meals on occasion, sharing food 
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brought in by several people. When work 
schedules of all of the sick nurses were 
examined, however, it was found that there 
were no single days when sick nurses all 
worked. A common, shared meal in the 
ICN was denied and sick nurses did not 
share a common outside restaurant expo- 
sure. While one hospital cafeteria employee 
had contracted an illness compatible with 
hepatitis, this seemed an unlikely source of 
infection because the outbreak was limited 
to the ICN nurses. Serologic testing 
showed no acute cases among cafeteria 
workers. Next, attention was focused on 
patients in the nursery and nursing assign- 
ments of all infected nurses were examined. 
Four infants cared for by all or nearly all of 
the infected nurses were identified. The 
first three infants were negative for IgM 
anti-HAV. Serum from the fourth infant 
was positive; a summary of that patient’s 
hospital course follows. 


Patient Descriptions 


INFANT 1.—This female infant was born 
and transferred to Children’s Hospital 
Medical Center, Oakland, Calif, on Jan 7, 


1981. The infant weighed 840 g, and was a 
product of 27 to 28 weeks of gestation; she 
was born by cesarean section due to ab- 
ruptio placenta. She remained hospitalized 
until her discharge on April 2, weighing 
2,095 g (Fig 1). On Jan 21, the infant devel- 
oped necrotizing enterocolitis and under- 
went a laparotomy that disclosed an ileal 
perforation. A small portion of ileum was 
resected and ileostomy was performed. Il- 
eostomy care, including the changing of the 
ileostomy bag containing intestinal 
drainage, was given by the nursing staff 
throughout the infant’s hospital stay, and 
by the infant’s mother on Feb 1, Feb 3, 
Feb 5, and Feb 18. The reanastomosis of the 
ileum was undertaken on March 26, and the 
ileostomy closed. 

Serum obtained on Feb 18 (for measure- 
ment of antibiotic content while the patient 
was being treated for nosocomially ac- 
quired sepsis) was recalled and was nega- 
tive for IgM anti-HAV, whereas serum 
obtained on April 22 was positive, thus 
verifying the presence of a hospital-ac- 
quired hepatitis A infection in this infant. 

Infection with hepatitis A was totally 
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Fig 2.—Dates of onset of hepatitis A among 
intensive care nursery nurses at Children’s 
Hospital, Oakland, Calif, 1981. 


asymptomatic in infant 1, with hepatitis not 
being suspected at any time during hospi- 
talization. Results of liver-function tests 
were normal until Feb 28, and were not 
repeated after that date. 

The infant’s family was evaluated sero- 
logically. The mother was found to be nega- 
tive for IgM anti-HAV on April 22, but she 
was positive on April 30 and May 15. There- 
fore, rather than being the source, the 
mother had acquired the infection from 
infant 1. 

As part of an epidemiologic investigation 
to discover the source of infant 1’s infection, 
the donors from whom she had received 
blood transfusions were tested for IgM 
anti-HAV. Between Jan 7, and March 28, 
infant 1 had received packed red blood cells 
(PRBCs) from 26 donors. Samples of trans- 
fused blood were no longer available; there- 
fore, the donors were contacted and serum 
from 22 of them was screened for IgM and 
IgG anti-HAV. One donor from whom the 
infant had received a total of 32 mL of 
PRBCs on Jan 23, 24, and 27 was found to 
be IgM anti-HAV-positive. This 43-year- 
old male donor recalled being ill for several 
days after donating blood on Jan 22; his 
symptoms included lassitude, myalgia, 
dark urine, and light-colored stools. Ap- 
proximately one month before this, he had 
engaged in sexual relations with a male 
friend who became ill with similar symp- 
toms shortly thereafter. This man had re- 
turned to New York and was not tested. 
Infant 1 had also received a total of 91 mL of 
PRBCs from birth to Jan 23, 35 mL of which 
were derived from immune donors positive 
for IgG anti-HAV. 

The blood received by infant 1 on Jan 23, 
24, and 27, which led to this outbreak, was 
also administered to a second infant (infant 
2) in the ICN. This child had not been a 
suspect as the source for the outbreak, 
because only four nurses with hepatitis had 
been in contact with her. Following is a 
summary of her hospital course. 


AJDC—Vol 140, Jan 1986 


No. of 
Subjects 


Average 
Occupation Age, yr 
RN 
LVN 


Respiratory 
therapist 


Intern/resident 


Medical attending 
staff 


Others 
Total 





INFANT 2.—This female infant was born 
on Jan 16, 1981, by cesarean section due to 
maternal toxemia at 28 weeks’ gestation. 
Her birth weight was 595 g and she was 
transferred to Children’s Hospital Medical 
Center for care, where she remained hospi- 
talized until her discharge home on Aug 19, 
weighing 2,380 g. 

Direct hyperbilirubinemia was first 
noticed on Feb 2, and it persisted until July 
20. Direct bilirubin levels fluctuated be- 
tween 2.7 and 8.2 mg/dL. Elevation of the 
serum aspartate aminotransferase level 
was first noticed on Feb 17 (85 IU), peaked 
at 427 IU on March 6, and decreased to 93 
IU at the time of the infant’s discharge. 
While receiving parenteral hyperalimenta- 
tion, the patient had one to three small 
stools per day. From March 12 to Merch 19, 
the frequency of stools, some described as 
liquid, increased to three to ten per day, 
and thereafter decreased to the patient’s 
normal stool pattern. She received six 
PRBC transfusions from Jan 17 to Jan 23 
(total volume, 45 mL). On Jan 24, 25, and 
26, she received an additional 21 mL of 
PRBCs from the donor, whose serum sub- 
sequently was found to be positive for IgM 
anti-H AV. Infant 2’s serum was tested and 
found to be positive for IgM-ant#HAV; 
serum from her father, mother, and an 
adopted sibling of infant 2 was evaluated 
and was found to be negative for IgM anti- 
HAV. 

RESULTS 

Serum samples were obtainec from 
a total of 226 staff persons. Overall 
there were 15 cases of acute hepatitis 
A, 172 susceptible noncases, and 39 
(17%) immune persons. The Table 
shows this distribution by employ- 
ment status. 

Infant 1 seems to be the likely source 
for most, if not all, of the secondary 
cases. Fourteen of 15 cases were as- 


Noncases 
107 (82) 


172 (76) 


Susceptible Subjects, 
No 


- (%) 


Immune, No. (%) 
18 (14) 


14 (48) 6 (21) 


17 (85) 
12 (86) 


3 (15) 
2 (14) 


5 (56) 
17 (74) 


4 (44) 
6 (26) 
39 (17) 


signed to infant 1, while only four of 15 
were assigned to infant 2. Of the 12 
cases that were assigned to only one of 
these infants, 11 were assigned to in- 
fant 1 and one was assigned to infant 2. 
Assuming contact with equal numbers 
of susceptible staff, if the infants’ dis- 
ease had been equally infectious, the 
probability of this happening by 
chance would be extremely small 
(P=.006, binomial distribution). 
Thus, while the disease in infant 1 
clearly seems to be more infectious, 
there is no way of knowing definitely if 
any persons became infected from con- 
tact with infant 2. The one nurse who 
was not assigned to infant 1 did have 
contact while starting intravenous 
(IV) infusions. This was the only 
asymptomatic case found. For the pur- 
pose of the analysis, only contact with 
infant 1 will be considered. 

The attack rate in assigned nurses 
was substantial. Of 72 nurses assigned 
to infant 1 (during the entire hospi- 
talization) for one or more shifts, se- 
rum samples were obtained from 56 
(78%). Of the 56 assigned nurses 
tested, ten were immune, 32 were sus- 
ceptible with no case, and 14 were 
susceptible and acquired hepatitis. 

Of nonassigned nurses who reported 
contact with infant 1 on the question- 
naire, 32 were found to be susceptible 
to hepatitis A. Only one case occurred 
in this group, giving an attack rate of 
3%. Contact with infant 1 in these non- 
assigned nurses ranged from starting 
IV infusions to giving full care when 
the assigned nurse was busy with an- 
other baby or on break. 

The total amount of time spent with 
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infant 1 was also likely a risk factor 
within the group of assigned nurses. 
The mean number of shifts in which 
cases were assigned to infant 1 during 
her probable infectious period was 3.4, 
compared with 1.6 shifts for suscepti- 
ble nurses without illness. The mean 
for cases is skewed upward because 
one of these nurses worked 19 shifts 
with infant 1. However, it is note- 
worthy that 64% of nurses who devel- 
oped hepatitis A, compared with 28% 
of nurses who did not, were assigned to 
infant 1 for more than one shift. The 
increased risk for nurses who were 
assigned to more than one shift com- 
pared with nurses who were assigned 
to one shift only was statistically sig- 
nificant (P<.025), with the risk being 
4.6 times greater for the former com- 
pared with the latter group. Looked at 
another way, among susceptible as- 
signed nurses, nine (50%) of 18 of those 
assigned to more than one shift devel- 
oped hepatitis while five (18%) of 28 
assigned to only one shift developed 
hepatitis. 

Because nonassigned nurses had 
such a low attack rate compared with 
assigned nurses, other risk factors of 
interest were evaluated in the assigned 
nurses only. The LVNs were at signifi- 
cantly greater risk of contracting hep- 
atitis than were RNs (P<.001). Among 
susceptible nurses, 62% of LVNs but 
only 18% of RNs developed hepatitis. 
This was not an artifact of proportion- 
ately more LVNs than RNs avoiding 
serologic testing, as just the opposite 
occurred. This was also not the result 
of RNs and LVNs having different 
duties. All nurses in this unit have 
identical roles, and questionnaires dis- 
closed no significant differences in 
such activities as emptying or chang- 
ing the ileostomy bag. The apparent 
increased risk for LVNs can be par- 
tially explained, however, by the fact 
that on the average these individuals 
were assigned to more shifts with in- 
fant 1 than were the RNs. Sixty-seven 
percent of LVNs, compared with 35% 
of RNs, were assigned to more than 
one shift. Among all nurses working 
more than one shift, there is not a 
significantly increased risk among 
LVNs compared with RNs. Among 
nurses working one shift only, the in- 
creased risk in LVNs persists (P<.01). 
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In this category, four of seven LVNs 
but only one of 35 RNs developed hepa- 
titis. Three of these four LVNs were 
not regular ICN nurses, but were on 
temporary assignment. 

The small sample size and retrospec- 
tive nature of this investigation are 
both limiting factors in attempting to 
demonstrate specific risk factors for 
acquiring hepatitis. The following risk 
factors were evaluated from the as- 
signed nurses’ questionnaires and 
showed no statistically significant dif- 
ferences between cases and noncases: 
hand washing (before meals, after 
touching diapers, at the end of the 
shift, and before or after telephone 
use), smoking, biting fingernails, put- 
ting a pen or pencil to the mouth, 
chewing gum or eating candy in the 
ICN, emptying an ileostomy bag, 
changing an ileostomy bag, and con- 
tact with ileostomy drainage. While 
smoking differences did not reach sta- 
tistical significance, it was found that 
36% of nurses with hepatitis were 
smokers, compared with 13% of nurses 
without hepatitis. 


COMMENT 


This outbreak illustrates two un- 
common modes of transmission of hep- 
atitis A: blood transfusion and noso- 
comial spread. Infections of both 
infants by means of blood transfusion 
seem likely, since both received trans- 
fusions from a common donor who had 
serologic evidence of a recent hepatitis 
A infection and reported a clinical ill- 
ness compatible with a mild disease a 
few days after donating blood. The 
infection in the two infants and its 
spread to 15 nurses was well confirmed 
by serologic tests. 

Although transfusion-acquired hep- 
atitis A is considered to be a rare 
event, viremia, though transient and 
of short duration, occurs during the 
latter part of the incubation period and 
in the early part of clinical disease with 
this virus.’"** Donation of blood dur- 
ing the viremic stage and the use of 
blood in susceptible recipients could 
conceivably lead to the development of 
hepatitis A infection. Hollinger et al" 
recently described one such patient. A 
10-year-old girl developed hepatitis A 
after receiving a single unit of PRBCs 
from a donor who became sympto- 


matic seven days after donation. 

In another recent report by Seeberg 
et al,” transfusion-acquired asympto- 
matic hepatitis A in an infant caused an 
outbreak within the hospital involving 
nurses, staff members, other patients, 
and the mother of the index patient. 
The diagnosis was confirmed by the 
presence of IgM anti-HAV in the se- 
rum of the patients.” Sherertz et al” 
reported transmission of hepatitis A 
after the administration of fresh- 
frozen plasma. Noble et al reported 
transfusion-acquired hepatitis A from 
a single unit in 11 neonates that re- 
sulted in a large multistate outbreak.” 

Infant 1 had received several trans- 
fusions of PRBCs from immune donors 
prior to the transfusion from the in- 
fected donor. Theoretically, in the 
cases of multiple transfusions, the spe- 
cific hepatitis A immune globulin pres- 
ent in the transfused blood may afford 
protection. The patient who was the 
index case described herein developed 
hepatitis despite the fact that 39% of 
the total PRBCs were from the im- 
mune donors. This lack of protection is 
possibly due to inadequate quantities 
of immune globulin in PRBC prepara- 
tions, as compared with whole blood 
transfusion. The primary mode of 
transmission for hepatitis A infection 
is by the fecal-oral route.” Since max- 
imal fecal shedding occurs during the 
latter part of the incubation period and 
prior to the onset of jaundice and hos- 
pitalization, nosocomial outbreaks of 
hepatitis A are uncommon. Icteric pa- 
tients who are hospitalized are gener- 
ally managed with better hand wash- 
ing and related hygienic practices by 
the hospital personnel. In addition, 
these patients probably are not excret- 
ing high titers of virus in their feces 
and therefore are less infectious. In a 
study to determine the prevalence of 
anti-HAV among physicians and den- 
tists, this was found to be similar to 
that in socioeconomically compatible 
first-time volunteer blood donors.” 
Sporadic reports of nosocomial hepati- 
tis A infection are characterized by 
acquisition by  virus-contaminated 
food, spread from a patient with diar- 
rhea or fecal incontinence, spread 
from anicteric unsuspected patients, 
and spread from patients with co- 
lostomy.*?® 
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In the outbreak under discussion, 15 
nurses and the mother of infant 1 most 
likely acquired hepatitis from infant 1 
under the following contributing cir- 
cumstances: infant 1 was in the hospi- 
tal during the maximal fecal shedding 
of virus; her infection was unsus- 
pected; and she had an ileostomy that 
produced continuous liquid output 
with which the caretakers frequently 
came in contact. 

Whereas there were two infants in- 
fected by blood transfusions in this 
outbreak, it is likely that most, if not 
all, of the nurses contracted the infec- 
tion through contact with infant 1. 
Four of the infected nurses were as- 
signed to infant 2, but three of them 
were also assigned to infant 1 and the 
other had started an IV infusion in 
infant 1. The infant’s ileostomy neces- 
sitated both emptying and changing of 
the ileostomy bag, the contents of 
which were liquid intestinal drainage. 
It is easy to imagine that in the busy 
and pressured setting of an ICN ob- 
jects contaminated with ileostomy 
contents might have been touched 
after hand washing was completed. 
The highly infectious nature of this 
situation is reflected by the relation- 
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ship between the contact time nurses 
had with the infant and their chance of 
contracting hepatitis. Unassigned 
nurses, who had limited contact, had 
an attack rate of 3%. Those assigned 
for only one shift had an attack rate of 
18%. Those assigned to more than one 
shift had a rate of 50%. While intensity 
of exposure to infant 1 clearly was 
related to the nurses’ risk of infection, 
investigation of personal habits and 
nursing techniques within each of the 
above categories of exposure did not 
identify other risk factors. 

It is interesting to note that of those 
nurses who contracted the hepatitis, a 
higher percentage were smokers than 
nonsmokers. While this differenee did 
not reach statistical significanee, it 
seems possible that fecal-oral spread 
could have occurred easily when con- 
taminated fingers grasped a cigarette 
by the end to pull it from the package, 
this end then being placed in the 
mouth. Among the group of LVNs as- 
signed for one shift only, four of seven 
developed hepatitis, a signifieantly 
higher attack rate than among the 
RNs. Three of these LVNs had been 
transferred from other nursing assign- 
ments to fill in for one shift only in the 
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ICN. The group of LVNs with more 
than one assignment to infant 1 were 
experienced ICN nurses and were 
found to be no more at risk than the 
RNs. This seems to indicate that work- 
ing in an unfamiliar environment with 
patients having more complex prob- 
lems than those to which they were 
accustomed is what placed these LV Ns 
at greater risk. 

This report highlights the potential 
risk for transmission of hepatitis A via 
blood transfusion. This outbreak fur- 
ther illustrates the potential dangers 
of asymptomatic hepatitis A within a 
hospital setting. While it is perhaps 
not surprising that hepatitis would be 
acquired in this setting, it nonetheless 
proves that hand washing and other 
hygienic techniques were deficient. 
An outbreak of this type serves as a 
further reminder of the importance of 
these frequently emphasized but often 
poorly followed practices. 
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Hand Lesions Characteristic of Bulimia 


Janet F. Williams, MD; Ira M. Friedman, MD; Hans Steiner, MD 


è Bulimia is a serious and prevalent 
eating disorder in the adolescent popu- 
lation. The pediatrician is often in a posi- 
tion to make the initial diagnosis of buli- 
mia but must suspect the disorder in 
light of subtle physical evidence. Denial 
and embarrassment reduce the likeli- 
hood of self-report of symptoms. Hand 
lesions resulting from self-induced 
emesis have a distinctive configuration 
and appearance. Noting these character- 
istic lesions during a physical examina- 
tion should alert a physician to the diag- 
nosis of bulimia or to an exacerbation of 
symptoms in a patient whose condition 
was previously diagnosed. 

(AJDC 1986;140:28-29) 


They will turn and bite the hand that fed 
them. 
EDMUND BuRKE (1800) 


Bulimia is a serious and distinct eat- 
ing disorder that is being recog- 
nized with increasing frequency in the 
adolescent population. A recent sur- 
vey by Pope et al’ supports the belief 
that the prevalence of bulimia is rising. 
The estimated incidence among US 
women 15 to 30 years old is 10%, com- 
pared with a rate of 1% for anorexia 
nervosa in the same population. 

The essential features of bulimia in- 
clude recurrent binge-eating episodes 
accompanied by an awareness that the 
eating pattern is abnormal and a fear of 
not being able, voluntarily, to stop 
eating. Binging is followed by a de- 
pressed mood and self-deprecating 
thoughts. A binge is usually termi- 
nated by abdominal pain, sleep, social 
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interruption, or self-induced emesis. 
Emesis decreases the discomfort from 
the abdominal distention, thereby al- 
lowing either continuation or termina- 
tion of the binge, and it often reduces 
the postbinge despair.’ 

Individuals with bulimia are preoc- 
cupied with their weight and make 
repeated attempts to control it by diet- 
ing, vomiting, or using cathartics or 
diuretics. Since binging and purging 
are socially unacceptable, they are 
often accomplished in a very inconspic- 
uous manner. Frequent weight fluc- 
tuations caused by alternating binging 
and fasting may be the only clinical 
sign evident to the physician. These 
patients exhibit a typical constellation 
of psychopathology regardless of 
whether the bulimia occurs within the 
context of anorexia nervosa or at nor- 
mal weight.* Fairburn and Cooper‘ 
stated that the underreporting of buli- 
mia leads to substantial undetected 
physical and psychological morbidity. 

The physical examination results of 
the patient with bulimia are usually 
reported in the literature as being 
normal. There are a number of emesis- 
associated complications that can help 
the physician to diagnose bulimia. 
These include a hoarse voice, recur- 
rent sore throats, dental erosions, par- 
otid gland swelling, aspiration pneu- 
monia, gastric dilatation, an elevated 
serum amylase level, and electrolyte 
disturbances, particularly hypokale- 
mia and metabolic alkalosis. The pa- 
tient with bulimia may also present 
with signs and symptoms related to 
the use of diuretics and/or cathartics. 
Diarrhea, dehydration, hypokalemia, 
hypocalcemia, and hypomagnesemia 
are the most frequent disturbances 
and can precipitate other problems, 
such as muscle cramps or weakness, 
syncope, and cardiac conduction 
changes. 

We recently noted a distinctive 


emesis-related physical finding during 
the examination of three patients with 
bulimia who presented to our eating 
disorders clinic over a six-week time 
period. On the dorsum of one hand, 
each patient had several elongated, 
superficial ulcerations, hyperpig- 
mented calluses, or scars with average 
dimensions of 6x10 mm. The lesions 
result from the repeated abrasion of 
the skin against the maxillary incisors 
during self-induced emesis. The gag 
reflex is often elicited by extending 
only the first two fingers into the 
throat, keeping the other fingers 
flexed. Lesions are therefore fre- 
quently located across the metacar- 
pophalangeal joints of the extended 
fingers and on the proximal hand dor- 
sum. 

Russell’ first described distinctive 
lesions on the hands of two patients 
with bulimia. Recently, two other 
bulimic patients were described with 
the characteristic calluses on both 
hands.** We present three patients 
with similar hand lesions to emphasize 
the importance of these lesions as a 
diagnostic aid and to make the pedi- 
atrician aware of this pathognomonic 
finding.’ 


PATIENT REPORTS 


PATIENT 1.—A 15-year-old girl was re- 
ferred to our eating disorders clinic since 
her weight had fluctuated dramatically 
during the past year. She had rapidly 
gained 20.5 kg, then lost 32.7 kg by dieting 
and by swimming six hours daily. After 
three months of weight loss, she replaced 
dieting with a routine of binging and induc- 
ing emesis one to three times daily. She 
complained of hair loss, dry skin, and inter- 
mittent syncopal episodes over the two 
weeks preceding her clinic visit. Her 
weight was 55.3 kg and her height was 
173.7 em. The results of her physical ex- 
amination were normal except for multiple 
small abrasions and calluses across the 
dorsum of the right hand. The patient read- 
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Fig 1.—Calluses on hand dorsum (patient 2). 


ily volunteered that these were the result of 
using this hand to induce emesis. 

PATIENT 2.—A 15.5-year-old girl’s condi- 
tion was newly diagnosed as bulimia. For 
three months, weight control had been 
achieved by restricting dietary intake. The 
patient subsequently engaged in binging 
and vomiting four to five times daily during 
the four months prior to her diagnosis. On 
physical examination the patient weighed 
43.4 kg, had a height of 154.5 cm, and was 
noted to have several hyperpigmented 
calluses on the dorsum of her right hand 
(Fig 1). She stated she was using this hand 
to induce emesis. 

PATIENT 3.—A 16.5-year-old girl with 
bulimia was seen for routine follow-up in 
our eating disorders clinic. At the time of 
her diagnosis ten months previously, she 
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used a combination of caloric restriction, 
self-induced emesis, laxatives, and exer- 
cise to control her weight. 

On physical examination during the clinic 
visit, multiple superficial abrasions and 
hyperpigmented scars were noted across 
the dorsum of her right hand (Fig 2). The 
patient’s weight was 46.7 kg and her height 
was 161 cm. Only on further questioning 
regarding the origin of the hand lesions did 
the patient admit to recrudescence of her 
emesis and laxative use. She had begun 
inducing emesis once or twice daily in re- 
sponse to an increase in family stress. 


COMMENT 


The general lack of clinical evidence 
and the secretive nature of patients 
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CORRECTION 





Fig 2.—Characteristic abrasions and scars (patient 3). 


with bulimia make it difficult to diag- 
nose, highlighting the need for the 
pediatrician to be aware of subtle 
clinical clues. Once a diagnosis of 
bulimia is suspected, further medical 
evaluation may be indicated, and psy- 
chiatric assessment of the patient and 
family will provide recommendations 
for a combination of individual ther- 
apy, family therapy, and/or psycho- 
pharmacological intervention. The 
prevalence of bulimia and its potential 
for morbidity and mortality make it an 
important disorder for the pediatri- 
cian to recognize. 
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Incorrect Illustration Placement. 
— In the RADIOLOGICAL CASE OF THE 
MONTH titled “Primary Hyperoxaluria 


(Oxalosis): Renal Imaging,” published 
in the September AJDC (1985;139: 
923-924), Fig 1 incorrectly appeared in 
an upside-down position on page 923. 
Figure 1 should have been published as 
shown at left. 
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Fatty Liver in Sudden Childhood Death 


Implications for Reye’s Syndrome? 


Harry J. Bonnell, MD, J. Bruce Beckwith, MD 


è We studied the livers of 21 children 
dying a traumatic death or sudden unex- 
pected natural death and found that fatty 
metamorphosis of the liver appears to be 
ubiquitous. Therefore, the finding of mi- 
crovesicular panlobular fatty liver alone 
does not justify the diagnosis of Reye’s 
syndrome. In fact, because fatty change 
appears to be so prevalent, previous 
reports that relied on fatty changes as 
diagnostic of Reye’s syndrome cannot 
be validated. 

(AJDC 1986;140:30-33) 


he relationship between Reye’s 
syndrome and medication use, es- 
pecially aspirin, has received wide- 
spread attention both in the medical 
literature? and the public media. 
Fatty change of the liver is used as a 
crucial criterion for establishing the 
diagnosis of Reye’s syndrome even 
though Reye and colleagues” original 
article indicates that fatty meta- 
morphosis of the liver is only one of the 
many criteria that they described. 
Liver biopsy is considered “neces- 
sary” for the accurate diagnosis of 
Reye’s syndrome. Characteristically in 
this disorder, one finds universally dis- 
tributed small fat droplets without evi- 
dence of inflammation." The hepatic 
lesion in Reye’s syndrome has been 
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extensively studied. In the study pub- 
lished by Bove et al,° different degrees 
of involvement were described. In 
many specimens, cytoplasmic vacuola- 
tion was not seen in paraffin-embed- 
ded sections of hepatocytes, although 
abundant lipid was found on frozen 
sections that were stained for fat.° 
Their opinion was that the unmasking 
of the lipid, or frank microvesicular 
fatty change, was a later development 
in the evolution of the liver lesion. 
They also stated that the appearance of 
the lesion reflects the severity of the 
initial injury or possibly the continu- 
ing presence of the agent causing the 
lesion. Hepatic necrosis is usually ab- 
sent or inconspicuous and bile stasis 
uncommon. 

The definition of Reye’s syndrome by 
the Centers for Disease Control, At- 
lanta, includes “microvesicular fatty 
metamorphosis of the liver confirmed 
by biopsy or autopsy” as a criterion.’ 
Although fatty metamorphosis of the 
liver, by itself, does not constitute a 
diagnosis of Reye’s syndrome, it is still 
considered to be an essential criterion 
for making the diagnosis. The study by 
Lichtenstein et al? used very strict 
criteria for the establishment of Reye’s 
syndrome and excluded those cases 
where there was microvesicular fatty 
change within the hepatocytes but the 
succinic acid dehydrogenase staining 
was either normal or equivocal. This 
was commented on strongly by De- 
Vivo’ because the ultrastructural ab- 
normalities appeared to be highly spe- 
cific for Reyes syndrome, particularly 
in the appropriate clinical setting, 
despite the dehydrogenase findings. 
Because of the importance generally 
attached to finding fat in the liver in a 
setting suggestive of Reye’s syndrome, 
we undertook a prospective search for 


the incidence of hepatic fatty meta- 
morphosis in children dying suddenly 
of trauma or other causes involving 
severe central nervous system abnor- 
malities. 


SUBJECTS AND METHODS 


The Office of the Medical Examiner for 
King County, Washington, investigates all 
sudden, unexpected natural and all un- 
natural deaths occurring within the county. 
The Children’s Orthopedic Hospital and 
Harborview Medical Center in Seattle are 
major referral trauma centers for the 
states of Washington, Alaska, Montana, 
and Idaho. Between July 1, 1982, and June 
30, 1983, a total of 51 children under the age 
of 14 years came under the jurisdiction of 
this office. Of this number, 21 children 
between the ages of 9 months and 14 years 
became subjects for the study. Reasons for 
exclusion included natural disease proc- 
esses, such as the sudden infant death 
syndrome, and infectious diseases, such as 
meningococcemia. Also excluded were 
deaths involving blunt or thermal trauma 
to the liver, or survival for more than 14 
days while undergoing hyperalimentation. 

The postmortem examinations were per- 
formed by us within 24 hours of death in all 
cases. The bodies were refrigerated at 3°C. 
At autopsy, none of the livers had a fatty 
yellow coloration, nor did they feel greasy. 
A small piece of liver was removed and 
frozen sections were cut. The 5-um sections 
were then placed in buffered 10% formalde- 
hyde, and oil red O staining was performed. 
An adjacent sample of liver tissue was 
placed in buffered 10% formaldehyde, em- 
bedded in paraffin, and stained with hema- 
toxylin-eosin. The slides were reviewed by 
one author the following workday and sub- 
sequently by the other author. A medical 
history was obtained by the medical ex- 
aminer investigators or by one of us 
(H.J.B.). None of the patients had a history 
of recent aspirin ingestion or complaints for 
which aspirin might commonly be used. 
Specific demographics and postmortem 
data are included in Table 1. 
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In order that our study may be more 
relevant to other studies, we have defined 
in Table 2 the specific criteria for describ- 
ing the microscopic findings. 


RESULTS 


All 21 subjects showed fatty meta- 
morphosis of the liver to a lesser or 
greater extent when stained with oil 
red O, even if vacuoles were not dem- 
onstrated by hematoxylin-eosin (Table 
3). The degree of fatty change did not 
correlate to survival time following the 
trauma or other causative event, nor 
was it found to be more or less severe in 
abused children. Several children died 
immediately, so hepatic steatosis in 
those patients could not be related to 
therapeutic intervention. Representa- 
tive sections from livers are demon- 
strated in Figs 1 through 4. None of the 
children demonstrated the equivocal 
signs or symptoms of Reye's syn- 
drome, nor were they known to have 
received aspirin before their trauma. 
In addition, none had experienced flu- 
like symptoms or upper respiratory 
tract infections before their trauma. 
Six of the patients (Nos. 3, 6, 8, 15, 18, 
and 21) had the diffuse (or panlobular) 
microvesicular fatty change thought to 
be classic of early Reye’s syndrome. All 
of the patients but two (patients 2 and 
7) showed the fat distribution to be 
independent of the lobular pattern, 
and in only one patient was the fatty 
change truly minimal. 


COMMENT 


Reye and co-workers original article 
described the pathologic findings of 
cerebral swelling, a slightly enlarged, 
firm, and uniformly bright yellow 
liver, and pallor and slight widening of 
the renal cortex.*®™® Microscopically, 
fat droplets were found in capillary 
endothelial cells in the brain, tubules 
of the kidney, and in the loops of Henle 
as well as in the liver where there was 
no necrosis, mitotic figures, or 
binucleate cells. 

Many articles'*’* used fatty meta- 
morphosis of the liver as an essential 
criterion for the diagnosis of Reye’s 
syndrome, as does the Centers for 
Disease Control. However, fat in the 
liver of a child with acute craniocere- 
bral dysfunction cannot, by itself, con- 
stitute a diagnosis of Reye’s syndrome, 
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Tae ly TP eto 


Patient/Age’Race/Sex Cause of Death* Survival Interval 


1/19 mo/W/F 
2/4 yr/Filipino/M 
3/16 mo/W/M 
4/7 yr/W/M 
5/3 yr/W/F 
6/13 yr/W/M 
7/11 yr/W/M 
8/9 mo/W/M 
9/15 mo/B/M 
10/20 mo/W/F 
11/6 yr/B/F 
12/2 yr/W/F 
13/4 yr/W/M 
14/3 yr/W/M 
15/6 yr/W/M 
16/14 yr/W/M 
17/20 mo/W/M 
18/21 mo/W/F 
19/19 mo/American Indian/M 
20/12 yr/W/F 
21/10 yr/W/M 


SDH 


CCT 
CCT 
CCT 
CCT 


CCT 


CCT 


CCT 
CCT 





Drowning 


Drowning 
4.5-m fall, CCT 
Cerebral aneurysm 


12-m fall, CCT 


Osteogenesis imperfecta, fall 


Idiopathic epilepsy 


Idiopathic epilepsy 
Near-drowning 


Near-drowning 
Near-drowning 
Abdominal trauma 


*CCT indicates craniocerebral trauma; SDH, subdural hematoma. 


even when a diffuse microvesicular 
pattern is seen. 

Our study of 21 cases of sudden death 
following craniocerebral trauma or 
other neurologic catastrophe revealed 
that microvesiecular fatty change in the 
liver is present when there is ro his- 
tory of Reye’s syndrome, no aspirin 
ingestion, or no recent viral syn- 
dromes. In fact, it was present to a 
greater or lesser degree in all of the 
patients in this pediatric study. There- 
fore, the presence of fatty change in 
the liver would seem to be an unrelia- 
ble defining criterion for Reye’s syn- 
drome, even when present in a pan- 
lobular microvesicular distribution. 
Last, the diagnosis of Reye’s syndrome 
should be based on clinical parame- 
ters, and the liver biopsy for light 
microscopic examination and fat stain- 
ing would appear to be unjustified in 
such cases. Our data do not permit 
evaluation of the usefulness of biopsy 
specimens when studied by enzyme 
histochemistry, electron microscopy, 
or other methods. _ 


We wish to express our appreciation to Paul 
Moskvin, Janet Miller, and Patricia Luckman for 
their invaluable assistance. 





Table 2.—Definitions of 
Miccenbai C iaa 


Centrilobular That 1/3 of lobule 
surrounding central vein 















Middle 1/3 of lobule 
surrounding central vein 


Midzonal 





Periportal Periportal 1/3 of lobule 


Diffuse Involving all portions of 


lobule to similar degree 
















<1/4 diameter of 
hepatocyte nucleus 


Small 


Medium sized 1/4 to same diameter of 
hepatocyte nucleus 
Large Larger than hepatocyte 
nucleus 


Microvesicular Composed of >90% small 
vacuoles 


1+ <25% of hepatocytes have 
one or more lipid droplets 


2+ 25%-100% of hepatocytes 
have some lipid droplets 


3+ All hepatocytes contain 
many prominent lipid 
droplets 





Cytoplasm of all 
hepatocytes filled with fat 
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1 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


Moderate diffuse pallor; 
no vacuoles 


Medium-sized vacuoles in 
centrilobular and 
midzonal cells 


Mild diffuse pallor; no 
vacuoles 


Moderate diffuse pallor; 
moderate number of 
medium-sized vacuoles 


Diffuse mild pallor; few 
scattered vacuoles 


Diffuse small and 
medium-sized vacuoles 


Centrilobular congestion 
and medium-sized 
vacuoles; periportal 
hepatocytes show 
prominent nuclear 
glycogen 

Prominent panlobular pallor; 
no obvious vacuoles 


Diffuse moderate pallor; 
no obvious vacuoles 


Numerous medium 
vacuoles; panlobular 
but somewhat fewer in 
centrilobular portions 


Scattered cells have 
medium-sized vacuoles; 
nuclear glycogen 


Diffuse slight pallor; no 
obvious vacuoles 


Marked diffuse pallor 


Scattered medium-sized 
vacuoles; prominent 
periportal nuclear 
glycogen 

Centrilobular dropout of 
hepatocytes with 
replacement fibrosis; no 
cytoplasmic vacuolation 
seen 


Scattered medium-sized 
vacuoles 


Moderately pale 
cytoplasm diffusely; 
moderate number of 
medium-sized vacuoles 


Prominent panlobular with 
numerous small vacuoles 

Diffuse, medium-sized 
vacuoles in most 
hepatocytes 

Marked diffuse pallor; 
scattered medium-sized 
to large vacuoles 


Scattered medium-sized 
droplets; slight diffuse 
pallor 


32 AJDC—Vol 140, Jan 1986 


Diffuse small, medium sized 


Central and midzonal, 3+ 
medium sized and large; 
periportal, 2+ small, 
medium 


Diffuse microvesicular 


Most cells have fine 
vacuoles; 10%-20% have 
medium-sized to large 
vacuoles 


Diffuse small and medium- 
sized droplets 


Diffuse small; <10% of 
cells have medium-sized 
vacuoles 


Small and medium-sized 
vacuoles in central and 
midzone regions 


Diffuse panlobular, mostly 
small 


Mild diffuse positivity; 
mostly small; 10% 
medium sized 


Panlobular partial sparing of 
centrilobular cells; most 
cells contain many small 
and one or more 
medium-sized droplets 


Diffuse small with about 
10% having medium- 
sized droplets 


Diffuse fine vacuoles in <10% 
hepatocytes 

Small droplets in most cells; 
medium in about 10% of cells 


Fine droplets in about 25% 
of cells; medium sized to 
large in 10%; diffuse 
pattern 


Diffuse microvesicular 


Fine droplets in about 75%; 
medium sized in about 10% 


Predominantly 
microvesicular; about 25% 
have medium-sized droplets 


Diffuse microvesicular 


Diffuse small, medium sized 


Diffuse microvesicular; 
5%-10% medium-sized 
droplets with scattered 
large droplets 


Diffuse microvesicular 
5%-10% have medium- 
sized droplets 





2+ diffuse 


3+ centrilobular, 
2+ periportal 


2+ diffuse 


2+ diffuse 


3+ diffuse 


3+ diffuse 
microvesicular 


3+ centrilobular, 
2+ midzonal, 
1+ periportal 


3+ diffuse, 
microvesicular 


2+ diffuse 


3+ diffuse 


2+ diffuse 


1+ diffuse 
3+ diffuse 


2+ diffuse 


2+ diffuse 


2+ diffuse 


2+ diffuse 


3+ diffuse 


2+ diffuse 


2+ difuse 


2+ diffuse 








change of liver (oil red O, original magnifica- 
tion x 200). 





change of liver (oil red O, original magnifica- 
tion x 400). 





Fig 3.—Patient 3. Diffuse microvesicular 
fatty change of liver (oil red O, original 
magnification x 400). 





Fig 4.—Patient 9. Fatty change of liver (oil 
red O, original magnification x 400). 
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Book Review 


Pediatric Decision Making, by S. Berman, 234 pp, with illus, Phila- 
delphia, BC Decker Inc, 1984. 


The preface to Berman's Pediatric Decision Making 
states that the book is a “reasonable guide to clinical 
problem solving” that addresses the “decision-making proc- 
ess over content.” The book is fully successful at the former 
and actually does a reasonable job with the latter. 

The text is divided into 15 sections based on organ 
systems or categories of clinical presentations. Each sec- 
tion consists of several clinical problems, which are usually 
major presenting signs or symptoms. For example, the 
section on “Febrile Disorders” includes “Fever in Early 
Infancy,” “Prolonged Fever,” and “Frequent Infections.” 
Each clinical problem is presented on two facing pages with 
an algorithm on the right page and critical management and 
interpretation comments on the left page. The clinical 
problems vary from common medical and behavioral outpa- 
tient presentations to inpatient intensive care conditions. 
The text shows how to organize a diagnostic evaluation and 
therapeutic strategy for each problem. There is an initial 
emphasis on the history and physical examination; the text 
illustrates how such skills should narrow management 
decisions before expensive laboratory and x-ray procedures 
are ordered. The text also stresses that careful follow-up is 
an important tool when there is potential for serious 
consequences. 

The format is designed to aid the practitioner in making 
rapid and organized decisions. It will probably achieve this 
goal. It should be most helpful in university and hospital 
clinics or private offices of general practitioners and pedi- 
atricians. Although the book is written in outline form, it is 
surprisingly easy to read. It could be read from cover to 
cover as a crash review, although it is best suited as a 
reference source. 

The algorithms are generally practical and well thought 
out. They reflect the recent literature as well as clinical 
experience on the part of the authors. Some limitations are 
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inherent in this format. Since each clinical presentation is 
presented on two pages, complex, life-threatening condi- 
tions must be described in broad, general terms, while 
simpler outpatient conditions can be presented in more 
detail within this limited space. For this reason, the text 
will probab_y be used more in an outpatient setting than in 
wards and intensive care units. Also, the algorithm ap- 
proach is by definition dogmatic, demanding that specific 
recommendations for management be presented to the 
reader. Perhaps to err on the safe side, many of the 
algorithms take a relatively aggressive approach that is 
occasionally more in the tradition of academia than private 
practice. 

Although the intent was not to write a comprehensive 
text, several areas could have been augmented. The fact 
that the book is generally well done makes their absence 
more noticeable. Minor surgical problems (outpatient 
burns, lacerations, and ingrown nails, for example), dental 
trauma, and upper-extremity orthopedic problems would 
have been useful had they been included. The behavioral 
section could have included more common problems, such as 
sleep and feeding problems. Some students and practi- 
tioners may not address behavioral problems because they 
feel the dec:sion-making process is not logical; an expanded 
section could reinforce that these problems are easily 
approached in the same fashion as “organic” pediatric 
illnesses. These shortcomings are not serious, and this book 
should be a useful addition to an office or clinic reference 
library. Future additions may add more depth to the con- 
tent, but the current edition fulfills its promise to illustrate 
the process of decision making. 

Tuomas D. YEAGER, MD 
WILLIAM A. ALTEMEIER III, MD 
Department of Pediatrics 
Nashville General Hospital 

72 Hermitage Ave 

Nashville, TN 37210 
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Parainfluenza Virus Bronchiolitis 


Epidemiology and Pathogenesis 


Robert C. Welliver, MD; David T. Wong, MD; Martha Sun; N ancy McCarthy, RN 


è An investigation of the epidemi- 
ology and pathogenesis of bronchiolitis 
due to parainfluenza virus (PV) was car- 
ried out. Bronchiolitis due to PV oc- 
curred most commonly in non-Cauca- 
sian males. Breast-fed infants exhibited 
a reduced risk of developing bronchi- 
olitis. Once an episode of PV bronchi- 
olitis occurred, both exposure to ciga- 
rette smoke and bottle feeding were as- 
sociated with an increased frequency of 
recurrent wheezing, and subsequent in- 
fection with respiratory virus almost uni- 
formly resulted in wheezing. Cell-medi- 
ated immune responses to PV antigen 
and titers of PV-specific IgE were greater 
among patients with bronchiolitis than 
among patients with upper respiratory 
tract infection. The epidemiology and 
pathogenesis of bronchiolitis due to PV 
is similar to that of respiratory syncytial 
virus. Lower respiratory tract infection 
may predispose to episodes of broncho- 
constriction on subsequent exposure to 
cigarette smoke or other viral infections. 

(AJDC 1986;140:34-40) 


he parainfluenza virus (PV) types 

1 through 3 are common causes of 
bronchiolitis in infancy, being second 
only to respiratory syncytial virus 
(RSV) in terms of the frequency with 
which they cause bronchiolitis.' The 
epidemiology of bronchiolitis due to 
RSV has been extensively studied,” 
but similar information has not been 
gathered for bronchiolitis due to the 
PVs. Since it has been suggested that 
immunologic mechanisms may play a 
role in the development of bronchiolitis 
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due to RSV,°° similar investigations 
into the pathogenesis of bronchiolitis 
due to PV would seem to be of interest. 
We undertook the present study to 
determine the influence of various he- 
reditary and environmental factors on 
the outcome of infection due to PV. In 
addition, studies were initiated to 
determine if cell-mediated hyperre- 
sponsiveness to PV antigens and 
formation of PV-specific IgE antibody 
in nasopharyngeal secretions (NPSs) 
are associated with the development of 
bronchiolitis at the time of infection 
due to PV in a manner similar to that 
previously shown for RSV bronchi- 
olitis. 


PATIENTS AND METHODS 
Study Population 
and Sample Collection 


The study was initiated in September 
1979 and completed in September 1984. 
Fifty-one subjects were followed up from 
birth after having been recruited by con- 
tacting either expectant mothers attending 
prenatal education classes or new mothers 
still hospitalized shortly after the birth of 
their infants. An additional 31 infants were 
recruited at the time of hospitalization for 
PV infection. None of these 31 infants had 
experienced any previous episodes of respi- 
ratory illness before the time of PV infec- 
tion. When infants with the same form of 
illness at the time of PV infection (either 
upper respiratory tract infection [URI] or 
bronchiolitis) were studied, the frequency 
of occurrence of the epidemiologic factors 
studied was not influenced by the source 
from which infants were recruited. In all 
cases, the objectives and potential hazards 
of the study were explained and a signed 
statement of informed consent was ob- 
tained. Infants participating in the study 
were then followed up prospectively and 
examined by a member of the study team at 
the time of each episode of any respiratory 
illness. Families of study subjects were 


contacted by telephone every two months 
to improve compliance. 

At each visit, samples of NPS were ob- 
tained by aspiration through a polyeth- 
ylene catheter passed via the nares into the 
nasopharynx.’ These samples were used 
for identification of infecting agents and 
determination of virus-specific IgE re- 
sponses, as described below. At the same 
time, a sample of whole blood was obtained 
for determination of in vitro lymphopro- 
liferative responses to various viral anti- 
gens. When PV infection was confirmed, 
subjects were requested to return in one to 
two months, when similar samples were 
obtained. 

Of the 51 subjects followed up from birth, 
14 (23%) developed bronchiolitis at the time 
of their first infection with PV, while the 
other 37 developed only URI. Of the 31 
infants recruited as inpatients, 18 (58%) 
were hospitalized for PV bronchiolitis, 
while the other 13 had symptoms of URI 
alone. These 13 infants had been admitted 
for a variety of causes, principally suspicion 
of sepsis. Overall, then, the group of study 
subjects with bronchiolitis consisted of a 
total of 32 infants, while the URI group 
consisted of 50 infants. A more detailed 
description of demographic factors for the 
study population is presented in Table 1. 

Epidemiologic data were also obtained 
from the first 50 mothers who declined 
participation in the study. These data are 
included in Table 1 (column C) to determine 
if participants in the study differed from 
the general population.” 


Documentation of Infection 
due to PV 


Infection due to PV was documented by 
fulfilment of at least two of the three 
following criteria: identification of PV anti- 
gen in exfoliated nasopharyngeal epithelial 
cells,” recovery of a PV strain in standard 
tissue culture, or fourfold or greater in- 
crease in PV-specific hemagglutination-in- 
hibition antibody titer using standard 
methods. The serologic type of the PV 
strain causing infection was determined by 
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Table 1.—Epidemiologic Factors in Parainfluenza Virus Bronchiolitis 


Upper Respiratory P 
Tract Infection Stas ho 


Group (A) Bronchiolitis Group (B) A+BvsC 
No. studied 32 
Whites, % 68.8 
Males, % 68.8 


Mean age at time of parainfluenza 
virus infection, mo (range) 


Family history, % 
Asthma 


Atopic eczema 
Allergic rhinitis 
Smoking 


Breast-feeding, % 
None 


1-2 mo 
>2 mo 
Previous wheezing episodes,* % 


Epidemiologic Data Controls (C) A vs B 


9.9 (1-18) 10.6 (3-22) 


24.0 
44.0 21.4 
44.0 46.7 
54.0 62.1 


43.8 


48.0 76.7 
12.0 3.3 
40.0 20.0 
10.8 64.3 





*Thirty-one subjects recruited at the time of their first respiratory illness were excluded from analysis. 


ing, croup, or bronchopulmonary dysplasia 


hemagglutination-inhibition testing of 
strains recovered in tissue culture or by 
maximum type-specific serologic response. 
Of primary infections resulting in URI 
alone, 67% were caused by PV type 3. Of 
primary infections resulting in bronchi- 
olitis, 61% were caused by PV type 3. All 
other infections were caused by PV type 1. 

During the course of follow-up, most pa- 
tients experienced heterotypic or homo- 
typic reinfections with PV. These infections 
were documented in the same manner as 
primary infections. 


Definitions 


Study subjects were defined as having 
bronchiolitis if, at the time of PV infection, 
they manifested wheezing (high-pitched, 
musical expiratory sounds) on auscultation 
of the chest. Several patients (Table 1) had 
already experienced previous episodes of 
wheezing that were not associated with PV 
infection. Family histories of asthma, ec- 
zema, or allergic rhinitis were defined as 
being present if parents or siblings of study 
patients had, respectively, “asthma or 
wheezing” (including in childhood), a “dry, 
scaly, itchy skin rash repeatedly showing 
up in the same location,” or “repeated epi- 
sodes of sneezing, runny nose, watery eyes, 
itchy palate usually occurring at certain 
seasons of the year but not associated with 
common colds.” Study subjects were de- 
fined as passive smokers if either parent 
smoked three or more cigarettes per day in 
the home with the child present. Study 
subjects were defined as having been 
breast-fed if they received even partial 
breast-feeding for at least the first two 
weeks of life. Medical histories of wheez- 
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were determined by reviewing previous 
medical records. Subjects were defined as 
having recurrent episodes of wheezing dur- 
ing the follow-up period if they were ob- 
served by us to have wheezing or if private 
physicians prescribed bronchodilator medi- 
cations specifically for episodes of wheez- 
ing. Over 85% of repeated wheezing epi- 
sodes were observed by the study team. 


Lymphocyte Transformation 
Responses to PV Antigen 


Lymphocyte transformation (LTF) re- 
sponses to PV antigen were determined 
using a whole-blood assay similar to that 
described for RSV from this laboratory.’ To 
summarize, strains of PV types 1, 2, and 3 
(American Type Culture Collection) were 
grown in tissue culture and harvested by 
ultrasonification and low-speed centrifuga- 
tion. Control antigen was prepared by 
similar processing of uninfected tissue 
culture cells. Blood samples obtained from 
study subjects were diluted in a synthetic 
liquid tissue culture growth medium 1640 
(developed at RPMI) to a concentration of 
2x 10° lymphocytes per 0.1 milliliter. One- 
tenth—milliliter volumes of this suspension 
were inoculated into 96-well microtiter 
plates and cultured in triplicate for five and 
six days in the presence of varying concen- 
trations of PV types 1, 2, or 3 antigen or 
control antigen. Cultures were then pulsed 
for 18 hours with tritiated thymidine before 
harvesting and assaying for radioactivity. 
Data presented represent the maximum 
LTF response (stimulation index) tc the PV 
antigen homologous to the type that caused 
infection. 


PV-Specific IgE 
Antibody Determinations 

Titers of PV-specific IgE in NPS spec- 
imens were determined using an enzyme- 
linked immunosorbent assay previously de- 
scribed in a publication from this labora- 
tory.” Data obtained on patients in this 
study have not been reported previously. In 
brief, laboratory-raised stock strains of PV 
types 1, 2, and 3 were allowed to adhere to 
polyvinyl microassay plates and were over- 
laid with samples of NPS serially diluted in 
phosphate-buffered saline. Plates were 
then incubated first with horseradish 
peroxidase—conjugated goat antihuman 
IgE and then 5-aminosalicyclic acid. End 
points were read by eye and spectropho- 
tometer at 488 nm. Titers of PV-IgE mea- 
sured were standardized to a protein con- 
tent of 1 mg/mL of fluid in the original 
specimen. Titers presented in the “Results” 
section represent the PV-IgE titer against 
the PV type causing infection. 

The specificity of the assay for IgE was 
indicated by control experiments in which 
positive reactions could be blocked by 
preincubation of the goat anti-human IgE 
with purified human IgE, but not by prein- 
cubation with purified preparations of 
human IgA, IgG, or human immu- 
noglobulin light chains. The specificity of 
the detected IgE for PV antigen was also 
confirmed in control experiments in which 
positive reactions could be blocked by 
preincubating samples of secretions with 
PV-infected tissue culture cells followed by 
centrifugation, but not by preincubation 
with uninfected cells. Infants with infection 
due to other viral agents do not develop PV- 
IgE antibody.” 
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Statistical Analysis of Data 

The frequency with which the epidemi- 
ologic factors studied occurred among 
members of the various study groups were 
compared using x* analysis or, when appro- 
priate because of small expected frequen- 
cies, Fisher’s exact test. Values obtained in 
LTF assays are expressed as the geometric 
mean of stimulation indexes, and PV-IgE 
titers are also expressed as geometric 
means. Statistical comparisons of LTF re- 
sponses and PV-IgK titers of study groups 
were made using Student’s ¢ test after 
logarithmic (base 10) transformation of the 
data. Standard deviations expressed are 
those derived after log transformation of 
data. 

RESULTS 
Epidemiologic Factors in 
Parainfluenza Bronchiolitis 


Demographic Factors.—An epi- 
demiologic analysis of bronchiolitis 
due to PV was carried out by compar- 
ing the frequency of occurrence of vari- 
ous factors among patients experienc- 
ing URI alone at the time of PV 
infection with that in a control group 
who declined participation in the study 
(epidemiologic data controls). Results 
of this analysis are shown in Table 1. 
White families were more likely to 
participate in the study, as noted by 
comparing study patients with epi- 
demiologic data controls. While the 
vast majority of study families ap- 
peared to be in the middle socioeco- 
nomic class (mothers were married, 
high-school graduates, and home- 
makers), no objective measures of 
class standing were employed. Study 
patients with bronchiolitis were signif- 
icantly more likely to be male and less 
likely to be white than patients in the 
URI group. Patients with PV bron- 
chiolitis had a mean age of 10.6 months 
(range, 3 to 22 months) at the time of 
presentation with bronchiolitis. Six 
(19%) of these 32 patients were less 
than 6 months of age at the time they 
developed bronchiolitis, and 20 (63%) 
of the 32 were between 6 and 12 months 
of age at the time of presentation with 
bronchiolitis. Patients developing URI 
alone with their first PV infection had 
a mean age of 9.9 months (range, 1 to 
20 months) at the time of presentation. 
Of these, 11 (22%) of 50 were less than 6 
months of age, and 34 (68%) of 50 were 
6 to 12 months of age at the time of 
their first PV infection. 
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Family History.—The frequency 
with which atopic diseases were re- 
ported to be present in members of the 
immediate family was not different 
among subjects with URI alone or 
bronchiolitis due to PV (Table 1). Over- 
all, there was a trend toward greater 
prevalence of all atopic diseases among 
families of study subjects than among 
families in the epidemiologic data con- 
trol group. Statistically significant dif- 
ferences were noted for atopic eczema 
and allergic rhinitis but not for 
asthma. No significant differences in 
exposure to cigarette smoke in the 
home were noted for subjects in any of 
the three study groups. 

Breast - feeding. — Breast - feeding 
was practiced significantly more fre- 
quently by mothers of infants enrolled 
in the study groups than by mothers of 
infants in the epidemiologic data con- 
trol group (P<.05, Table 1). Breast- 
feeding was practiced by 31 (48%) of 65 
white mothers who chose to partici- 
pate in the study and by two (14%) of 14 
(P =.047) nonwhite mothers who par- 
ticipated in the study. Infants who 
developed URI alone at the time of PV 
infection had been breast-fed signifi- 
cantly more often than infants who 
developed bronchiolitis at the time of 
PV infection (P<.01, Table 1). 

Previous Illness in Study Pa- 
tients.—The nature of illnesses expe- 
rienced before the time of the first PV 
infection was studied in the 51 patients 
followed up from birth. The 31 infants 
recruited at the time of their first 
respiratory illness were naturally ex- 
cluded from this analysis. Despite the 
comparatively young ages at which 
bronchiolitis due to PV developed, 
nine (64%) of the 14 patients with bron- 
chiolitis but only four (10%) of the 37 
patients with URI alone due to PV had 
already experienced an episode of 
wheezing previous to the PV infection 
episode (P<.001, Table 1). 


Recurrent Wheezing Episodes 
Following PV Bronchiolitis 


Frequency of Recurrent Wheezing 
Episodes.—Study subjects were fol- 
lowed up for the development of any 
wheezing episodes, either due to re- 
current PV infection or due to other 
causes, subsequent to the initial epi- 
sode of PV infection. As shown in 


Table 2, forty-eight subjects who de- 
veloped URI alone due to PV were 
eventually followed up for at least six 
months after the initial episode of PV 
infection (mean, 37.0 months; range, 
eight to 51 months), while 21 patients 
with bronchiolitis due to PV were fol- 
lowed up for at least six months (mean, 
28.6 months; range, six to 48 months). 
In all, five (10%) of the 48 patients in 
the URI group followed up for six 
months or more and 23 (85%) of the 27 
patients in the bronchiolitis group fol- 
lowed up for six months or more expe- 
rienced at least one episode of wheez- 
ing during the course of follow-up (P 
<.001). No patient in the URI group 
had more than two episodes of wheez- 
ing subsequently. In the bronchiolitis 
group, seven subjects (26%) had a sin- 
gle recurrent episode of wheezing, 
eight subjects (30%) had two to three 
recurrent episodes, and eight (30%) 
had four or more episodes of wheezing 
(Table 2). During the course of follow- 
up, 42 patients in the URI group even- 
tually experienced RSV infection, and 
this was associated with wheezing in 
five (12%). In contrast, of the 19 pa- 
tients in the bronchiolitis group who 
subsequently developed RSV infec- 
tion, 18 (95%) developed wheezing at 
that time (P<.001). It is of interest 
that, of the seven instances in which 
patients with PV bronchiolitis had 
only a single episode of wheezing dur- 
ing the follow-up period, all seven epi- 
sodes of recurrent wheezing occurred 
in association with RSV infection. 
Factors Determining Frequency of 
Recurrent Wheezing.—An analysis 
of factors associated with recurrent 
wheezing following bronchiolitis due 
to PV is shown in Table 3. Data for only 
those patients in the bronchiolitis 
group who were followed up for six 
months or more are included in this 
table. The total number of recurrent 
wheezing episodes for subjects with 
and without each factor was compared. 
An equal number of recurrent wheez- 
ing episodes occurred in those subjects 
with and without a family history of 
asthma (Table 3) and atopic diseases in 
general (data not shown). Those sub- 
jects exposed to cigarette smoking in 
the home experienced a significantly 
greater number of recurrent wheezing 
episodes than those without such ex- 
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_ Table 2.—Frequency of Recurrent Wheezing 





ying Parainfluenza Virus Bronchiolitis 


Upper Respiratory 


Tract Infection 
Group 


No. of subjects followed up 
Mean duration of follow-up, mo 
No. (%) of subsequent wheezing 


Wheezing with subsequent 
respiratory syncytial 
virus infection, No. (%) 


5 (10) 
0 (0) 


5/42 (12) 


Bronchiolitis 
Group 


23 (85) 
5 (30) 


18/19 (95) 
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No. of Eubkoiiri Wanig. 
Episodes (Mean + SD) 


Factor Present 


Family history of asthma 


Smoking in family 
Breast-feeding 


Factor Absent 





*Data based on 27 bronchiolitis patients followed up six months or more after primary PV infection. 


posure (3.0+1.6 vs 1.6+1.7, P<.05). 
Breast-fed infants experienced signifi- 
cantly fewer recurrent wheezing epi- 
sodes in comparison with formula-fed 
infants (1.3+0.8 vs 3.1+1.4, P<.01). 
An attempt was made to separate the 
effects of exposure to cigarette smoke 
and breast-feeding on recurrent 
wheezing. When only formula-fed in- 
fants were considered, infants exposed 
to cigarette smoke had an average of 
3.2+1.5 recurrent episodes of wheez- 
ing, while those not exposed to ciga- 
rette smoke had 1.8+1.2 recurrent 
episodes (P<.05). When only those 
infants who were exposed to cigarette 
smoke in the home were considered, 
the effect of breast-feeding on the fre- 
quency of recurrent wheezing did not 
approach statistical significance. 
Therefore, exposure to cigarette 
smoke appeared to be the major deter- 
mining factor. 


LTF Responses to PV 


Primary Infection.—The LTF re- 
sponses to the specific PV type causing 
primary infections in study subjects 
are shown in Fig 1, bottom. Primary 
PV infection that resulted in URI 
alone resulted in LTF responses that 
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were of low magnitude. Geometric 
mean stimulation indexes were less 
than 2.0 at all time intervals indicated, 
with the exception of the interval from 
57 to 100 days after the onset of illness, 
when the mean (+SD) stimulation in- 
dex was 2.5+1.6. In contrast, for pa- 
tients with bronchiolitis due ta PV 
infection (Fig 1, top), geometric mean 
stimulation indexes were greater than 
2.0 at all intervals shown in this figure. 
The values for the bronchiolitis group 
at one to ten days and 11 to 35 days 
after the onset of illness were 2.9+1.6 
and 6.2+8.5, respectively. These 
values were statistically significantly 
greater than the values for patients 
with URI at the corresponding inter- 
vals after the onset of illness (1.4=1.6 
and 1.6+1.5, respectively; each 
P<.05). The differences observed be- 
tween the two illness groups at the 
other two intervals were not statis- 
tically significant. Peak responses in 
the bronchiolitis group were attained 
at 11 to 35 days after the onset of 
illness. Negligible responses were 
noted for the three patients tested 
more than 100 days after the onset of 
illness. 

Reinfection.—The LTF responses 


to the specific PV type causing re- 
peated infection are shown in Fig 2. 
Responses following heterotypic rein- 
fection are indicated by the solid cir- 
cles, while responses following homo- 
typic reinfection are indicated by the 
open circles. Geometric mean stimula- 
tion indexes following reinfection (ho- 
motypic or heterotypic) that resulted 
in URI alone (Fig 2, bottom) rose from 
1.7+2.0 at one to ten days after the 
onset of illness to a maximum value of 
2.7+2.2 at 11 to 35 days after the onset 
of illness and declined gradually 
thereafter. These responses following 
repeated PV infection that resulted in 
URI alone were slightly, but not sta- 
tistically significantly, greater than re- 
sponses following primary PV infec- 
tion that resulted in URI alone. When 
LTF responses following homotypic 
reinfection were compared with those 
following heterotypic reinfection, a 
statistically significant difference 
(P<.05) was observed at the interval 
from 11 to 35 days after the onset of 
illness. Differences in LTF responses 
following homotypic and heterotypic 
reinfection were not statistically sig- 
nificant at the other intervals studied. 

The LTF responses in patients who 
developed wheezing after reinfection 
with PV are shown in Fig 2, top. Pa- 
tients with heterotypic reinfection ac- 
companied by wheezing manifested 
significantly greater LTF responses 
than subjects with any reinfection (ho- 
motypic or heterotypic) resulting in 
URI alone at 1 to 10, 36 to 56, and 57 to 
100 days after the onset of illness (for 
each comparison, t=2.40, P<.025). 
Differences between the two illness 
groups were not significant at 11 to 35 
days after the onset of illness, when 
the number of subjects studied was 
small, or at more than 100 days after 
illness onset, when the magnitude of 
responsiveness was low in each group. 
All patients with heterotypic reinfec- 
tion that resulted in wheezing also 
experienced wheezing at the time of 
primary infection. Finally, no patient 
experienced wheezing at the time of 
homotypic reinfection. 


Virus-Specific IgE Responses 


Secretory PV-IgE responses spe- 
cific to the PV type causing infection 
are shown in Table 4. Samples ob- 
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Fig 1.—Lymphocyte transformation responses to parainfluenza virus (PV) antigen following 
primary PV infection resulting in upper respiratory tract infection alone (bottom) or 
bronchiolitis (top). Solid lines connect geometric mean stimulation index at each interval. 
Each point represents maximum response to PV antigen of homologous type to that causing 
infection. 


Fig 2.—Lymphocyte transformation responses to parainfluenza virus (PV) antigen following 
heterotypic (solid circles) or homotypic (open circles) reinfection due to PV resulting in upper 
respiratory tract infection alone (bottom) or bronchiolitis (top). Solid lines connect geometric 
mean stimulation index at each interval. Each point represents maximum response to PV 
antigen of homologous type to that causing repeated infection. 
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tained zero to seven days and 14 to 56 
days after the onset of illness were 
pooled to represent the acute and con- 
valescent phases, respectively. In the 
acute phase of illness, only one (10%) of 
ten patients with URI alone developed 
detectable PV-IgE. The geometric 
mean titer (GMT)+1SD of PV-IgE for 
the entire group was 1.1+1.5. In con- 
trast, eight (67%) of 12 patients with 
bronchiolitis due to PV developed PV- 
IgE, with a GMT of 5.2 + 2.0 (P<.005). 

In the convalescent phase, three 
(30%) of ten patients with URI alone 
developed a PV-IgE response, with a 
GMT of 1.4+1.9. Six (75%) of eight 
patients with PV bronchiolitis devel- 
oped PV-IgE during the correspond- 
ing interval, with a GMT of 2.9+2.4 
(P<.05). 


Comparative Epidemiology and 
Pathogenesis of Bronchiolitis 
due to PV and RSV 


A comparison of the epidemiology 
and pathogenesis of bronchiolitis due 
to PV with those of bronchiolitis due to 
RSV is shown in Table 5. The only 
clear epidemiologic difference be- 
tween bronchiolitis due to the two 
agents is that bronchiolitis due to PV 
occurs most commonly at 6 to 12 
months of age, while bronchiolitis due 
to RSV usually occurs at an earlier 
age. 


COMMENT 


This study was undertaken to deter- 
mine if the epidemiology and patho- 
genesis of bronchiolitis due to PV are 
similar to those of RSV bronchiolitis. 
As in previous studies of RSV bron- 
chiolitis,*® bronchiolitis due to PV ap- 
peared to be slightly more common in 
boys. The mean age of patients in the 
present study with first episodes of PV 
bronchiolitis (10.6 months) was 
slightly greater than that previously 
reported for patients with RSV bron- 
chiolitis, usually 1 to 3 months.** Infec- 
tion with PV type 1 is unusual in the 
first six months of life,” presumably 
because maternal antibody provides 
more protection against this virus than 
against RSV or PV type 3. This may 
explain the somewhat greater mean 
age of infants with bronchiolitis due to 
all PV types. Whites seemed less 
likely to develop bronchiolitis at the 
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Geometric Mean 
Titer + SD* 


iliness Group 


Upper respiratory 
tract illness alone 


Bronchiolitis 


No. (%) Positive 


1/10 (10) 
8/12 (67) 


1.1+1.5T 
5.2+2.0t 





—Parainfluenza Virus-Specific IgE Responses in Nasopharyngeal 
_ Secretions ; Analyzed by Form of Illness 


0-7 Days After Onset 


14-56 Days After Onset 


Geometric Mean 


No. (%) Positive Titer + SD* 


3/10 (30) 
6/8 (75) 


1.4+1.9t 
2.9+2.4t 


*Titers presented were standardized to a protein content of 1 mg/mL of fluid in the original specimen. 


tP<.005. 
¢P<.05. 


Parainfluenza Virus! 
Bronchiolitis 


Factor Studied 
Age at peak incidence, mo 
M:F ratio 


Frequency of atopic diseases 
among family members 


Apparent effect of breast-feeding 
on frequency 


Recurrent wheezing after bronchiolitis 
Cell-mediated responses to viral antigen 
Virus-specific IgE responses 


time of PV infection than nonwhites. 
The influence of race on the develop- 
ment of bronchiolitis due to RSV is 
unclear.” While early, uncontrolled 
studies suggest that a family history of 
an atopic illness might be associated 
with an increased risk of wheezing at 
the time of RSV infection,‘ results of 
subsequent studies have not sup- 
ported this association.’ In the present 
study, atopic diseases were reported 
as being present in family members of 
patients with PV bronchiolitis no more 
frequently than in families of patients 
who experienced URI alone at the 
time of PV infection. However, the 
prevalence of atopic diseases among 
family members of subjects in both 
study groups was surprisingly high, 
being significantly greater than that in 
the epidemiologic data control group, 
and this might have obscured the pres- 
ence of small differences between the 
two study groups. It should be noted 
that the prevalence of atopic diseases 
in family members was based entirely 
on the responses of parents to stan- 
dardized questions, and the accuracy 
of these data, therefore, is somewhat 
in question. 

Breast-feeding has been reported to 
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provide a protective effect in infants 
against the development of RSV ron- 
chiolitis, even when the effects of 
many potentially confounding socio- 
economic factors have been ex- 
cluded.*” In the present study, 
breast-feeding was associated with a 
reduced incidence of bronchiolitis at 
the time of PV infection, as wel. as a 
reduction in the number of recurrent 
wheezing episodes following PV oron- 
chiolitis. The mechanism by which 
breast-feeding might mediate these ef- 
fects is unclear. Breast milk contains a 
variety of immunologic factors that 
conceivably could modify the nature of 
illness at the time of respiratory infec- 
tion.®" However, in the present study, 
breast-feeding was practiced more 
commonly by mothers electing to par- 
ticipate in the study than by mothers 
in the epidemiological data ccntrol 
group, and breast-feeding was also 
practiced more commonly by white 
mothers in the study group then by 
nonwhite participating mothers. 
These observations certainly suggest 
that beneficial effects of breast-feed- 
ing noted in the present study might 
be explained by other socioeconomic 
factors that may be associated with 


breast-feeding, including less crowded 
living conditions, better housing, and 
better maternal care.*” 

Passive exposure to cigarette smoke 
in the home has been reported to be a 
risk factor both for the development of 
lower respiratory tract illness in early 
life*"**" and for recurrent wheezing 
following an episode of bronchiolitis.” 
In most of these studies, effects of 
exposure to smoke were frequently 
confined to certain age groups or were 
difficult to separate from other envi- 
ronmental factors that might have also 
accounted for the increased frequency 
of illness. For instance, infants ex- 
posed to cigarette smoke might also 
have had greater exposure to infec- 
tious agents at an earlier age than 
children of nonsmoking parents. In the 
present study, first infections with PV 
occurred at the same age in both the 
URI group and the bronchiolitis 
group, and no significant effect of ex- 
posure to cigarette smoke (23 ciga- 
rettes per day in the home) on the 
development of bronchiolitis was ob- 
served. On the other hand, once an 
episode of bronchiolitis had occurred, 
exposure to cigarette smoke was asso- 
ciated with a significantly increased 
number of recurrent wheezing epi- 
sodes (Table 2). The effect of exposure 
to cigarette smoke on the frequency of 
recurrent wheezing episodes was sig- 
nificant even when only formula-fed 
infants were studied, suggesting that 
other socioeconomic factors were not 
involved. These data suggest that PV 
infections of the terminal airways may 
sensitize the host to episodes of airway 
obstruction on subsequent exposure to 
environmental irritants such as ciga- 
rette smoke. 

Studies of the cell-mediated immune 
response to RSV, when performed on 
acutely ill patients, have suggested an 
association of cell-mediated hypersen- 
sitivity to viral antigen with the devel- 
opment of wheezing at the time of 
infection.’ In the present study, cell- 
mediated responsiveness to PV anti- 
gen was of low magnitude in the sub- 
jects with URI alone at the time of 
primary PV infection or heterotypic 
reinfection. In contrast, cell-mediated 
responses to PV antigen were signifi- 
cantly greater among patients with 
bronchiolitis (wheezing) at the time of 
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primary PV infection or heterotypic 
reinfection, suggesting that immu- 
nologic mechanisms may play a role in 
the pathogenesis of PV bronchiolitis. 
The exact mechanism by which cell- 
mediated hyperreactivity to viral anti- 
gen is associated with the development 
of wheezing requires further study. 
Other investigators”™ have noted that 
lymphocytes stimulated by mitogens 
or a variety of antigens release soluble 
factors capable of enhancing basophil 
histamine release. In the present 
study, PV-IgE antibody production 
was greater among subjects with PV 
bronchiolitis than among study sub- 
jects with URI alone due to PV. The 
IgE-mediated release of chemical me- 
diators of airway obstruction from air- 
way mast cells may play a major patho- 
genic role in PV bronchiolitis. The 
release of these mediators may be 
enhanced by the effects of lympho- 
kines released by lymphocytes pro- 
liferating in response to exposure to 
PV antigen in the respiratory tract. 
The epidemiology of bronchiolitis 
due to PV appears similar in many 
aspects to that of RSV. Bronchiolitis 
due to either agent is most common in 
boys less than 1 year of age; breast- 
feeding is associated with a reduced 
risk for lower respiratory tract in- 
volvement at the time of infection; and 
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patients are prone to recurrent epi- 
sodes of wheezing. The epidemiologic 
similarity is emphasized by the fact 
that wheezing precipitated by infec- 
tion due to each of these agents fre- 
quently occurs in the same individuals. 
For instance, in the present study, 18 of 
19 patients with PV bronchiolitis who 
were subsequently infected with RSV 
developed wheezing with the RSV in- 
fection. The demonstration of cell-me- 
diated hyperresponsiveness to viral 
antigen and overproduction of virus- 
specific IgE antibody among individu- 
als with bronchiolitis caused by either 
agent suggests that the pathogenesis 
of disease due to each agent may also 
be similar. 

Finally, the results of the present 
study allow for some interpretation of 
the individual contributions of viral 
infection at an early stage of lung de- 
velopment, hereditary factors, and en- 
vironmental factors to the develop- 
ment of bronchiolitis. Infection with 
PV in early life occurred quite com- 
monly and at similar ages in the pa- 
tient groups with and without bron- 
chiolitis, a fact that tends to diminish 
the possibility that infection at a sen- 
sitive time of airway development is 
crucial to the development of bron- 
chiolitis. The observation that more 
than 60% of patients with PV bron- 
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chiolitis had already experienced an 
episode of wheezing before the time of 
presentation with PV bronchiolitis 
suggests that a preexisting airway 
hyperreactivity is an important con- 
tributing factor in the development of 
bronchiolitis at the time of PV infec- 
tion. Parainfluenza virus infection it- 
self may exacerbate the airway reac- 
tivity, as suggested by the data 
indicating a correlation of exposure to 
cigarette smoke and recurrent wheez- 
ing following PV bronchiolitis. The 
observed association of cell-mediated 
hyperresponsiveness to PV and over- 
production of PV-specific IgE anti- 
body with the development of wheez- 
ing at the time of PV infection also 
indicate clearly that host factors have 
at least a partial role in pathogenesis. 
A contribution of environmental fac- 
tors is suggested by the association of 
breast-feeding with protection against 
bronchiolitis. A complex interrelation- 
ship of hereditary and environmental 
factors apparently underlies the 
pathogenesis of bronchiolitis. 
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Purpose.—This section of AJDC will focus on significant research that has a high probability of 
being translated into clinical usefulness. It is an attempt to predict pediatric practice of the future. 


Editorial Comment.—The discipline of pediatric cardiology is heavily involved with refine- 
ments in the diagnosis and treatment of various congenital cardiovascular defects, but little work 
has been done in basic investigation of their origin. In this article, a practicing pediatric 
cardiologist, Dr Edward Clark, presents some of his pioneering research in the field of cardiac 
embryology. His research will very likely provide relevance to the prevention of certain defects. The 
AJDC readership can see some of the “ground floor” thinking, which may greatly affect the approach 
to some of their future patients.—H.D.A. 


Cardiac Embryology 


Its Relevance to Congenital Heart Disease 


The vast majority of congenital car- 
diac defects are due to disordered 
cardiac development, yet there is sur- 
prisingly little known about the funda- 
mental processes that form the heart. 
To most physicians, cardiac embry- 
ology recalls memories of confusing 
diagrams, serially sectioned embryos, 
and opaque terminology. However, in 
the past 15 years there has been a 
renewed interest in cardiac develop- 
ment as the tools of the developmental 
biologist have been used to better un- 
derstand how the heart forms. 

The purpose of this article is to re- 
view some of the recent developments 
in the field of cardiac embryology and 
correlate this new information with 
the clinical experience of the car- 
diologists, geneticists, and epidemi- 
ologists. These developments are 
changing the way we are thinking 
about congenital cardiac disease. This 
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is particularly important since more 
and more children now are surviving 
with congenital cardiac defects to be- 
come young adults in the reproductive 
age group. 

Traditionally, cardiac embryology 
has been descriptive, reporting the 
morphologic changes that occur es the 
heart develops from a bent, muscle- 
wrapped tube to the four-chambered 
adult structure. Many scientists have 
made major contributions in this area, 
including Spitzer, Mall, and Streeter. 
Recent work by VanMierop’ has pro- 
vided an elegant series of drawings to 
trace the shape changes the heart goes 
through during development. These 
drawings, however, lend an aura of 
completeness to the field, leading 
many people to think that cardiac de- 
velopment is well understood. On the 
contrary, although the shape and con- 
figurational changes are appreciated, 
the mechanisms that are responsible 
for cardiac development only now are 
being studied. 

In cardiac development, as in all 
developmental biology, there is a lim- 
ited repertoire of developmental mech- 
anisms. A knowledge of these mecha- 


nisms is key to understanding the link 
between etiologic factors and the ana- 
tomic abnormalities we deal with as 
clinicians. Cell migration, hemody- 
namic function, cell death, and extra- 
cellular matrix proliferation are four 
developmental mechanisms that either 
singly or in combination are likely re- 
sponsible for the pathogenesis of a 
large proportion of congenital cardiac 
abnormalities.” I will discuss cell mi- 
gration and hemodynamic function 
since there is a growing body of evi- 
dence to support involvement of these 
mechanisms in the spectrum of con- 
genital cardiac defects. 


MESENCHYMAL TISSUE 
MIGRATION 


Cardiac development is a dynamic 
process. The formation of the heart 
involves growth as well as increasingly 
complex shape. The heart is growing 
rapidly as it forms. In the chick, em- 
bryo and heart weight double every 12 
to 24 hours during the rapid phase of 
heart development.* While some of the 
growth is due to proliferation of cells 
already present in the heart tube, the 
outflow tract, including the pulmonary 
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Fig 1.—Cast of cardiovascular system of stage-18 chick embryo in anterior (left) and lateral (right) views. 
Heart is muscle-wrapped tube and ventricular chambers are beginning to form. aa indicates aortic arches; 
as, aortic sac; la, left atrium; ct, conotruncus; da, dorsal aorta; lv, left ventricle; omv, omphalomesenteric 
vein; ra, right atrium; rv, right ventricle; sv, sinus venosus; and va, vitelline artery (from Clark’). 


arteries and aorta, arise from cells 
that originate in the branchial arch 
mesenchyme and the neural crest. The 
migration of these extracardiac cells 
into the heart provides up to one third 
of the mature cardiac mass. Neural 
crest migration is currently a major 
focus of research. 

The extracardiac cells that partici- 
pate in heart formation originate from 
the mesenchymal tissue of the bran- 
chial arches and the pre-otic neural 
crest. The pioneering work of LeDoua- 
rin* found that the neural crest pro- 
vides cell mass to a wide variety of 
organs. Rychter® showed that mesen- 
chymal tissue migrates asymmet- 
rically into the outflow tract in the 
chick heart. However, the full extent of 
the neural crest’s contribution to car- 
diac development was not clear until 
Kirby and colleagues’ sought to create 
a denervated chick heart by extirpat- 
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ing portions of the neural crest that 
give rise to the parasympathetic ner- 
vous system. To their surprise, the 
experimental hearts had outflow tract 
abnormalities similar to truncus ar- 
teriosus communis and double-outlet 
right ventricle. Subsequently, chi- 
mera experiments using quail neural 
crest cells implanted in chick embryos 
showed that neural crest tissue forms 
the aorticopulmonary septum down to 
the right ventricle. 


HEMODYNAMIC FUNCTION 


The heart is the first organ to func- 
tion during development. The contrac- 
tions of the primitive heart begin when 
the heart is little more than a muscle- 
wrapped tube devoid of valves and 
septa (Fig 1). Yet, the embryonic heart 
pumps blood to the embryo and the 
extraembryonic circulation to provide 
nutrients and oxygen and remove 


cellular waste products. Contractions 
of the embryonic heart produce blood 
pressure and blood flow just as in the 
mature heart, but on a much smaller 
scale. 

Blood pressure is generated by the 
synchronized contractions of the em- 
bryonic heart.” In the chick embryo, 36 
hours after the onset of cardiac func- 
tion, the systolic blood pressure is 
approximately 2 mm Hg (Fig 2) and 
increases to 30 mm Hg by hatching. 
The contour of the pressure curve is 
similar to that of the pressure curve 
recorded from an adult heart. This 
suggests that a cardiac valve is not 
necessary to facilitate the forward flow 
of blood. Rather, the endocardial and 
bulbar cushions act like valves in the 
embryonic heart. 

Blood pressure likely has an impor- 
tant effect on the formation of the 
heart walls and vascular system. 
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Fig 2.—Arterial blood pressure tracing from stage-24 chick embryo. P indicates phasic 
pressure; P, mean pressure; and dP/dt, rate of developed pressure. Note distinct systo ic and 
diastolic pressure due to valvelike action of conotruncal cushion. 


Layers of myocardial cells are laid 
down during the formation of the ven- 
tricular septum and walls. Just as the 
ventricle of the mature heart hyper- 
trophies in response to excess work, I 
suspect that the arrangement of the 
myocardium is in part determined by 
the work performed by the developing 
ventricle. It is also likely that the 
growth and extension of the vascular 
bed is in part dependent on the dis- 
tending pressure of the cardiovascular 
system. 

The volume of blood pumped by the 
embryonic heart increases geomet- 
rically as the heart grows. Most of the 
increase in cardiac output is accounted 
for by the increase in stroke volume, 
ie, the amount of blood pumped with 
each cardiac contraction. The distribu- 
tion of blood flow within the heart is a 
determinant of heart shape and size. 

Alteration in the relative volume of 
blood results in striking changes in 
cardiac chamber size. Experimental 
obstruction of the blood flow in the left 
side of the heart produces hypoplasia 
of the left ventricular chamber, mitral 
orifice, and ascending aorta, and a 
reciprocal increase in the size of the 
structures in the right side of the 
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heart.”* 

Control of the embryonic heart func- 
tion is equally intriguing. In the ma- 
ture animal, the autonomic nervous 
system is largely responsible for 
hemodynamic control. In the embryo, 
however, the autonomic nervous sys- 
tem is not yet functional. Rather, the 
embryonic cireulation must be con- 
trolled by mechanical factors operat- 
ing at the level of the heart tissue and 
in the peripheral circulation. The 
Frank-Starling relation operates in 
the early tubular heart and is likely 
the first control mechanism in em- 
bryonic development. In the chick em- 
bryo, the injection of 1% of the circulat- 
ing blood volume results in a 15% 
increase in cardiac output.’ Vascular 
resistance also changes in response to 
environmental temperature and re- 
ceptor-mediated drug action. ™” Thus, 
environmental factors can influence 
cardiovascular function in the prein- 
nervated circulation. 


CLINICAL CORRELATION 


How does this new informatior. from 
the basic scientists relate to the infant 
with congenital cardiac defects? The 
challenge to pediatric cardiologists is 


to reorder our thinking and approach 
cardiac defects from a mechanistic, 
rather than an anatomic, perspective. 

We all make lists to suit our pur- 
poses. In pediatric cardiology, we list 
defects by anatomic features because 
it is important to identify precisely the 
location of a defect for the surgeon, or 
by physiologic similarities that deter- 
mine the type of treatment. However, 
anatomic and physiologic classifica- 
tions do little to help us think about the 
etiology or pathogenesis of congenital 
heart defects. For this purpose, we 
must think about mechanisms of devel- 
opment. 

The disordered developmental 
mechanisms may have a variety of ana- 
tomic consequences. In the simplest 
system, asingle etiologic factor affects 
the pathogenic mechanism, producing 
a single anatomic abnormality. How- 
ever, other possibilities exist. A num- 
ber of etiologic factors may affect a 
single mechanism, producing a spec- 
trum of anatomically separate but 
mechanistically related defects. The 
cardiovascular abnormalities in the 
branchial arch syndrome may be an 
example of this latter pathway. 

Disordered mesenchymal tissue mi- 
gration may be the mechanism in the 
branchial arch syndromes.” This 
group includes DiGeorge’s syndrome 
involving arches III and IV, and Gold- 
enhar’s syndrome involving arches II 
and III. Hemifacial microsomia, 
Shphrintzen’s syndrome with bifid 
uvula, and CHARGE (Coloboma, 
Heart disease, Atresia of choanae, 
Retardation of physical and mental 
development, Genital hypoplasia in 
males, and Ear anomalies and/or deaf- 
ness) association involve derivatives of 
aortic arches 2 through 6. The cardiac 
defects in these syndromes most fre- 
quently involve abnormalities of con- 
otruncal septation including tetralogy 
of Fallot, transposition of the great 
vessels, and truncus arteriosus com- 
munis. The common mechanism in 
branchial arch syndromes may be a 
disordered migration of mesenchymal 
tissue or neural crest cells. Conotrun- 
cal septation without obvious bran- 
chial arch abnormalities may be a con- 
sequence of the same mechanisms, but 
to a lesser degree. 

The etiology for the disorders of 
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mesenchymal tissue migration in- 
cludes genetic factors or environmen- 
tal causes. Familial clusters of cardiac 
defects and syndromic association of 
heart abnormalities suggest that ge- 
netics provide an important contribu- 
tion to conotruncal cardiac defects. 
Drugs may be an etiologic factor since 
conotruncal defects are prominent in 
thalidomide, retinoic acid, and pheny- 
toin syndromes.” 

Disordered embryonic cardiac func- 
tion is likely the basis for some forms 
of cardiac disease that are thought to 
be acquired during adult life. The 
pathogenesis of some types of hyper- 
tension may be traced to abnormal 
vascular responses established during 
the embryonic period. Transient 
changes in ventricular pressure may 
alter the way the myocardium is laid 
down. Such abnormalities may become 
apparent only decades later as a car- 
diomyopathy. 

Disordered intracardiac blood flow 
may be a common mechanism in a 
spectrum of congenital heart defects. 
After completion of cardiac septation, 
blood flows through the heart in a 
parallel circuit. The right-sided heart 
flow comes primarily from the supe- 
rior vena cava, courses through the 
right atrium, right ventricle, and pul- 
monary artery, crosses the ductus ar- 
teriosus, and flows to the descending 
aorta and umbilical arteries. Left- 
sided heart blood flow comes largely 
from the oxygen- and nutrient-rich 
inferior vena cava blood flow, which 
crosses the foramen ovale to the left 
atrium, left ventricle, and ascending 
aorta, and finally perfuses the rapidly 
developing brain. 

Two points of variable resistance 
exist in the fetal cardiovascular sys- 
tem: the ductus arteriosus and the 
ductus venosus. Since vascular resist- 
ance is inversely proportional to the 
fourth power of the radius, slight 
changes in the size of these vessels 
would have a profound effect on the 
distribution of blood flow to each cir- 
cuit. For example, a decrease in the 
diameter of the ductus arteriosus 
would decrease flow in the right side of 
the heart and increase blood flow in the 
left side of the heart. 

Some congenital cardiac defects 
with an intact ventricular septum and 
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variable chamber volume may be due 
to changes in intracardiac blood flow 
after the period of cardiac organogen- 
esis.” This group includes obstructive 
defects in the left side of the heart, 
aortic valve stenosis, coarctation of the 
aorta, and aortic valve atresia and ab- 
normalities of the right side of the 
heart that range from pulmonary valve 
stenosis to pulmonary atresia with an 
intact ventricular septum. Secundum 
atrial septal defects may be due to an 
increased transatrial blood flow that 
erodes the flap valve of the foramen 
ovale. 


RELEVANCE 


As a discipline, pediatric cardiology 
must address the prevention of car- 
diovascular disease in the young. De- 
velopmental heart disease includes the 
structural abnormalities that we rec- 
ognize as congenital defects, as well as 
some acquired disorders that have a 
basis in disordered development dur- 
ing the embryonic or fetal period. 

The emerging knowledge of develop- 
mental mechanisms will provide a new 
approach to questions of the genetics 
and epidemiology of cardiac disease. 
For example, analysis of recurrence 
risk by the mechanism group rather 
than the anatomic group discloses un- 
recognized patterns of association. In 
children of mothers with aortic ste- 
nosis, coarctation of the aorta, or se- 
cundum atrial septal defect, the recur- 
rence risk is as high as 17%.” These 
defects may be due to abnormal in- 
tracardiac blood flow. In addition, 
there is a highly significant association 
for conotruncal defects such as trans- 
position of the great vessels and 
tetraology of Fallot, which may have in 
common disordered mesenchymal tis- 
sue migration.” 

Pediatric cardiology has passed 
through two eras. Initially, cardi- 
ologists were only able to document 
the natural course of the disease proc- 
ess. Then, medical and surgical inter- 
ventions allowed the palliation or re- 
pair of the vast majority of congenital 
cardiac abnormalities. Now, cardi- 
ologists, geneticists, and epidemi- 
ologists can use the concepts of 
developmental mechanisms in an ef- 
fort to determine the pathogenesis and 
etiology of congenital heart disease. In 


this way, advances in our understand- 
ing of cardiac development will have a 
profound influence on pediatric car- 
diology in the next decade. 


Dr Clark is the recipient of Research Career 
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Comparison of MAST With Radioallergosorbent and 
Skin Tests for Diagnosis of Allergy in Children 


Dennis R. Ownby, MD, Judith Bailey 


è The multiple allergosorbent test 
system (MAST) is a method for measur- 
ing total and allergen-specific IgE levels, 
using autoradiography and densitome- 
try. The purpose of this study was to 
compare the results of MAST tests with 
those of radioallergosorbent (RAST) and 
skin tests as an adjunct to the diagnosis 
of allergy in children. Twenty children, 
aged 4 to 19 years, were studied. Total 
serum IgE level measured by the paper 
radioimmunosorbent' test (PRIST) 
method ranged from 7 to 1,333 units/mL 
(geometric mean, 155 units/mL). Total 
serum IgE level by MAST significantly 
correlated with the PRIST IgE level. 
Quantities of allergen-specific IgE mea- 
sured by MAST and RAST were also 
significantly correlated. When the diag- 
nostic levels by MAST and RAST were 
compared with skin test reactions for 
ragweed, grass, house dust, and mite, 
MAST had a sensitivity of 59%, a speci- 
ficity of 97%, and an efficiency of 72%, 
compared with 67%, 97%, and 78%, re- 
spectively, for the RAST analysis. We 
conclude that MAST and RAST are 
similar in their ability to measure al- 
lergen-specific IgE level, but that neither 
method is as sensitive as skin tests for 
detection of allergen-specific IgE. 

(AJDC 1986;140:45-48) 


Reactions provoked by a variety of 
allergens are frequently encoun- 
tered in pediatric practice. In the past, 
mild allergies have generally been 
treated with symptomatic medica- 
tions, while those patients with more 
severe problems have been referred to 
allergy specialists for evaluation. 
Recently, companies have begun to 


promote in vitro tests to measure al- 
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lergen-specific IgE that are designed 
to be used in the primary physician’s 
office. These new tests are said to 
provide the same information as that 
provided by the widely studied ra- 
dioallergosorbent test (RAST). Either 
implied or stated is the suggestion that 
the information derived from these 
tests will be adequate for the diagnosis 
and treatment of children with 
allergies. 

One new method for measuring al- 
lergen-specific IgE level is the 
multiple allergosorbent test system 
(MAST). This system has previously 
been compared with traditional RAST 
tests,’ but to our knowledge it has not 
been compared with skin testing in a 
pediatric population. 

The purpose of this study was to 
compare the results of tests for inha- 
lant allergies obtained by using the 
MAST immunodiagnostic syst2m with 
those obtained from RAST analysis 
and skin testing. Twenty children, re- 
ferred for allergy evaluation, were 
studied. We found that there was gen- 
erally good agreement between the 
results of the skin tests, MAST, and 
RAST, but that MAST and RAST 
were less sensitive than a combination 
of prick and intracutaneous skin tests. 


PATIENTS AND METHODS 


The 20 patients included in this study 
were children between 4 and 20 years of 
age, consecutively seen by one pediatric 
allergist. All patients were referred for 
evaluation of probable inhalant allergies 
and were included if skin testing was indi- 
cated by the patient’s clinical history. Pa- 
rental consent was obtained and zhe study 
was approved by the human rights commit- 
tee of Henry Ford Hospital, Detroit. 

Skin testing was initially performed by 
the prick method, using a panel of the 
allergens common to this geographic area. 
This panel included six trees, three 


grasses, five weeds, five molds, house dust, 
mite, cockroach, cat, and dog allergens. 
All allergens for prick testing were used at 
1:20 wt/vol concentrations in 50% glycerol 
saline solution (Hollister Stier, Inc,). In the 
two youngest patients, who did not have 
prick tests, and in those patients with neg- 
ative prick test reactions, intradermal tests 
were performed at a 1:1,000 wt/vol con- 
centration. The intradermal tests recorded 
for comparison were ragweed, house dust, 
dust mite, and a mixture of timothy, redtop, 
and Kentucky bluegrasses. None of the 
patients had received oral antihistamines 
for three days preceding testing. 

Skin test reactions were scored 0 to 4+, 
using standard criteria.’ For the purpose of 
data analysis, 0 and 1+ skin test reactions 
were considered negative and 2 to 4+ reac- 
tions were considered positive. A positive 
control of histamine (1 mg/mL for prick 
testing and 0.1 mg/mL for intradermal 
tests) along with a negative diluent control 
were included in all tests. 


MAST 


The MAST Immunodiagnostic Test Sys- 
tem is a “sandwich”-type radioimmunoas- 
say in which the allergens of interest are 
covalently linked to small bundles of cel- 
lulose threads. Up to 38 sets of threads ina 
parallel array can be placed in a single 
pipette (MAST pette). The details of the 
development of this assay system have been 
reported elsewhere.’ 

Briefly, the test is performed by drawing 
the patient’s serum into the pipette and 
incubating overnight. The serum is then 
washed from the pipette, and the pipette is 
filled with a solution of IgE labeled with 
iodine 125. If patient IgE antibodies have 
bound to the allergen-coated threads, the 
anti-IgE will bind to the patient IgE. After 
a second overnight incubation, the non- 
bound anti-IgE is washed from the pipette. 
The pipettes are then placed into a photo 
cassette, where they are brought into ap- 
position with a sheet of instant black- 
and-white print (Polaroid) film. During the 
following incubation, the radiation from 
anti-IgE “I produces an exposure of the 
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film that is proportional to the amount of 
antibody bound to each bundle of threads. 
After exposure and development, the de- 
gree of film exposure is quantitated by 
reading the density of each exposure in an 
infrared microdensitometer. A net voltage 
corresponding to the film density is re- 
ported for each exposure, along with a 
calibrated “MAST class.” For the purposes 
of this study, the results of the net volts 
were analyzed using the manufacturer’s 
criteria for positive and negative tests. The 
MAST classes of negative (0) and equivocal 
(=) are assigned for voltages less than 0.06 
and 0.18 V, respectively, and were consid- 
ered a negative reaction for the purposes of 
this study. Voltages of 0.18 or greater form 
MAST classes 1 through 4 and were consid- 
ered a positive reaction in this study. The 
pipettes contained threads for a positive 
and negative control, a total IgE, birch, 
box elder, oak, grass mix, short ragweed, 
lamb’s quarters, dust mite, cat dander, 
Alternaria sp, and house dust allergens. 
The allergens used to produce the pipettes 
were from the same company supplying the 
skin test extracts. 

Each serum sample was assayed in one 
pipette, since this is the procedure as cur- 
rently marketed. To test the reproduci- 
bility of the system, five serum samples 
were each assayed four times. Five other 
serum samples, known to contain IgE spe- 
cific for some of the study allergens, were 
each assayed in five twofold dilutions to 
judge the relative analytic sensitivity of the 
assay system. 

All MAST assays were performed in ac- 
cordance with the manufacturer’s direc- 
tions by a person instructed in the proper 
assay technique by a company representa- 
tive. Commercial reagents supplied by the 
company were used. 


RAST 


All serum samples assayed in the MAST 
system were also analyzed in a RAST, 
using allergens coupled to microcrystalline 
cellulose, as previously described.‘ The 
anti-IgE “I was purchased from a commer- 
cial source (Pharmacia Diagnostics, Pis- 
cataway, NJ). Five allergens (ragweed, 
timothy grass, house dust, Alternaria, and 
dust mite) from the same source as the skin 
test reagents were used in these assays. All 
assays were performed in duplicate. The 
results of the assays were expressed as the 
percentage of the total counts bound to the 
sorbent vs the total counts added to each 
assay tube. The percentage bound was con- 
verted toa RAST score by comparison with 
the average percentage of counts bound by 
at least two serum samples from nonaller- 
gic donors run in the same assay. The 
patient samples were scored as negative 
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reactions if the percentage bound was less 
than 150% of the control sera, questionable 
reactions if the percentage bound was 150% 
to 300% of control, and positive reactions if 
the percentage bound was greater than 
300%. We believe that this is a relatively 
conservative scoring system (it has been 
previously documented). For some com- 
parisons, the actual percentage of counts 
bound were used. The interassay coeffi- 
cient of variation (CV) for this RAST sys- 
tem in our laboratory is typically 20%, 
which is within the range reported by oth- 
ers." 


PRIST 


Total IgE level for all serum samples was 
determined using the paper radioimmuno- 
sorbent test (PRIST) method with com- 
mercial reagents (Pharmacia Diagnostics). 
Each serum was assayed in triplicate plus a 
single tenfold greater serum dilution to 
ensure that the results were from the linear 
portion of the standard curve. Results are 
reported using the manufacturer’s refer- 
ence standard; dilutions of the US refer- 
ence standard, however, were also included 
in the assay, and the two reference stan- 
dards were in agreement. 


Data Analysis 


The data were analyzed using the Michi- 
gan Interactive Data Analysis System.°® 
Correlations were calculated by linear 
regression analysis. The diagnostic sensi- 
tivity, specificity, and efficiency were cal- 
culated by standard methods.” Briefly, sen- 
sitivity is the percentage of patients with 
positive test reactions who actually have 
the disease, and specificity is the percent- 
age of patients with negative test reactions 
who do not have the disease. The efficiency 
of a test is the percentage of the patients 
correctly classified as having or not having 
the disease by the test, of all the patients 
tested. 


RESULTS 


The 20 patients selected for study 
were six boys and 14 girls, with a mean 
age of 12.4 years (range, 4 to 19 years). 
Ten of the 18 patients tested by the 
prick method had positive skin test 
reactions to two or more allergens. Of 
the eight patients with negative prick 
test reactions, four had positive reac- 
tions to two or more allergens when 
tested by the intradermal route. The 
two youngest patients were tested by 
the intradermal method, and both had 
positive reactions to two or more aller- 
gens. No patient had positive skin test 
reactions to only a single allergen. In 


total, 16 of the 20 patients were be- 
lieved to have definitely positive skin 
test reactions when the prick and in- 
tradermal tests were considered to- 
gether. 

The PRIST values for total serum 
IgE ranged from 7 to 1,333 units/mL, 
with a geometric mean of 155 units/mL. 
Figure 1 illustrates the relationship 
between the net voltage representing 
total serum IgE levels from the MAST 
assay and the values from the PRIST 
assay. The correlation between the two 
assays is significant (r= .68, P<.002), 
but the MAST results are imprecise. 
For example, the lowest and highest 
MAST voltages (0.31 and 3.06 V) oc- 
curred with sera having similar IgE 
values of 173 and 253 units/mL, respec- 
tively. 

We next compared the results of 
MAST and RAST analyses for five 
allergens (ragweed, grass, house dust, 
Alternaria, and dust mite) in each of 
the 20 patients. As shown in Table 1, 
there is good agreement between the 
two assays when the negative and posi- 
tive reaction classes for each assay are 
compared, but RAST produced more 
equivocal results. If the RAST analy- 
sis is accepted as the standard, then 
MAST has a sensitivity of 88%, a speci- 
ficity of 94%, and an efficiency of 90%. 
The raw data in the form of net volt- 
ages for MAST and percent of counts 
bound for RAST were also compared 
by linear regression analysis for the 
same five allergens. All five correla- 
tions were significant (r=.81 to .93; 
P<.0001 for all five analyses). 

The relative analytic sensitivities of 
MAST and RAST were evaluated by 
comparing the results of assaying se- 
rial twofold dilutions (undiluted to 
1:32) of five sera. The allergens used 
for these comparisons were ragweed, 
house dust, and grass (timothy for 
RAST and mixed grasses for MAST). 
Each undiluted serum sample showed 
a positive reaction in both MAST and 
RAST assay to at least two allergens, 
and one serum sample showed a posi- 
tive reaction to all three allergens; 
thus, the five sera showed positive 
reactions to a total of 11 allergens. The 
greatest dilution at which the assay 
definitely showed a positive reaction 
was taken as the end point. The results 
are illustrated in Fig 2. The highest 
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Fig 1.—Relationship of net volts from corre- 
sponding to total serum IgE level, as mea- 
sured by multiple allergosorbent test sys- 
tem (MAST), to total serum IgE level from 
paper radioimmunosorbent test (PRIST) 
analysis. 
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Fig 2.—Comparison of relative analytic 
sensitivities of multiple allergosorbent test 
system (MAST) and radioallergosorbent 
test (RAST) plotted as differences of great- 
est dilution (log,) of each serum, which was 
still a definitely positive reaction in each 
assay. If serum reaction was positive in 
MAST at higher dilution, difference is plot- 
ted as positive. 


positive dilutions were compared and 
the difference was plotted as positive 
if the MAST reaction was positive at a 
higher dilution. The number of com- 
parisons is small, but RAST was more 
sensitive in eight of the 11 comparisons 
(not statistically significant, P>.05). 
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*RAST indicates radioallergosorbent test; MAST, multiple allergosorbent test system. 
tBased on testing five allergens in each of 20 patients, for a total of 100 comparisons. 
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*RAST indicates radioallergosorbent test; MAST, multiple allergosorbent test system. 
+Based on testing four allergens in each of 20 patients, equivocal MAST and RAST reactions were 


considered negative. 


+For MAST, the sensitivity was 59%, “he specificity 97%, and the efficiency 72%; for RAST, the 


respective values were 67%, 97%, and 7E%. 


The reproducibility of the MAST 
assay was assessed by analyzing five 
serum samples four times each. The 
five sera showed positive reactions in 
the original assay to a total of 19 aller- 
gens. The CV was calculated for each 
of the 19 positive allergens as fo_lows: 
SD of the net voltage/mean net. volt- 
age x 100. The CVs ranged from 2% to 
133%, with a mean of 31%. Another 
way of expressing reproducibility is 
the number of times the MAST class 
changed from that found in the original 
assay. Since each serum sample was 
assayed three times after the original 
assay, there were 3 x 19 or 57 repeated 
positive assays. The MAST class 
changed at least one class in 26 (46%) of 
these assays. 

The final comparison was between 
the MAST and RAST results and the 
combination of prick and intradermal 
skin tests. Direct comparisons were 
made for four allergens (ragweed, 
grass, house dust, and dust mite). As 
shown in Table 2, there was general 
agreement between the MAST and 
RAST results and the skin test results; 
however, in 21 cases with MAST, end 17 
cases with RAST, a skin test showed a 


positive reaction while the corre- 
sponding in vitro test reaction was 
negative. This gives sensitivities of 
58% for MAST and 67% for RAST. 

If MAST was considered as a screen- 
ing test for allergic disease and com- 
pared only with results of prick skin 
tests, 11 of the 18 sera from the patients 
who had prick skin tests showed posi- 
tive reactions to two or more allergens 
and three sera showed positive reac- 
tions to a single allergen. The MAST 
assay therefore, identified 14 of the 18 
patients as probably allergic, com- 
pared with ten of 18 patients identified 
by the prick tests alone. When the 
results of the more sensitive intrader- 
mal tests are considered, the four pa- 
tients who had MAST-positive and 
prick test—negative reactions all had 
intradermal test—positive reactions. 
The MAST assay, however, did not 
identify all of the individual allergens 
to which these 14 individuals were 
sensitive. 


COMMENT 


This study has shown that MAST 
and RAST analyses provide similar 
information about the presence of al- 
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lergen-specific IgE antibodies in sera 
from pediatric patients. Brostoff et al’ 
have shown a similar degree of concor- 
dance between MAST and RAST 
when comparing 75 sera from atopic 
patients. When compared with RAST, 
MAST requires little expenditure for 
equipment and is less labor intensive. 

While total and allergen-specific 
IgE MAST results were significantly 
correlated with PRIST and RAST re- 
sults, the precision of the MAST total 
IgE level was poor. One possible factor 
reducing the degree of correlation be- 
tween the MAST and PRIST total IgE 
values may be the large volume of 
serum within the MAST pipette. The 
amount of IgE that becomes bound to 
the bundle of threads coated with anti- 
IgE will depend both on the quantity 


1. Brostoff J, Pack S, Merritt T: A new multi- 
ple specific IgE assay—MAST. Lancet 1984;2: 
748-749. 

2. Booth BH III: Diagnosis of immediate hy- 
persensitivity, in Patterson R (ed): Allergic Dis- 
eases: Diagnosis and Management, ed 2. Phila- 
delphia, JB Lippincott Co, 1980, pp 87-88. 

3. Miller SP, Marinkovich VA, Rege DH, et al: 
Application of the MAST immunodiagnostic sys- 
tem to the determination of allergen-specific 
IgE. Clin Chem 1984;30:1467-1472. 

4. Ownby DR, Anderson JA, Jacobs GL, et al: 
Development and comparative evaluation of a 
multiple-antigen RAST as a screening test for 
inhalant allergy. J Allergy Clin Immunol 1984; 
73:466-472. 


of IgE present and how much the se- 
rum circulates within the pipette, 
bringing new IgE into contact with the 
bundle. 

The most important question about 
all in vitro tests of allergen-specific 
IgE is their proper role in the care of 
allergic patients. This question has 
been well reviewed by others.*” Our 
results agree with those of many other 
studies showing that in vitro tests for 
allergen-specific IgE are not as sen- 
sitive as properly performed skin 
tests.*"” More importantly, the dem- 
onstration of allergen-specific IgE, 
whether by in vivo or in vitro means, 
does not prove the diagnosis of allergic 
disease. The diagnosis of allergic dis- 
ease must be based on a detailed his- 
tory and physical findings suggesting 
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allergic sensitivity, which is then con- 
firmed by tests for specific IgE. In 
cases where it is necessary to confirm 
an absolute relationship between aller- 
gic sensitivity and symptoms, an ap- 
propriately controlled challenge is 
necessary. 

In summary, we believe that the 
MAST allergy system provides similar 
information to the RAST, but that the 
diagnosis of allergic disease must still 
be based on a detailed history and 
physical findings in conjunction with 
the tests for specific IgE. 
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Second Malignant Neoplasm in 
Treated Hodgkin’s Disease 


Report of a Patient and Scope of the Problem 


Yoichi Takaue, MD; Margaret P. Sullivan, MD; Irma Ramirez, MD; Karen R. Cleary, MD; Jan van Eys, MD, PhD 


è The condition of a 6-year-old boy 
was diagnosed as _ mixed-cellularity 
Hodgkin’s disease that involved the right 
side of the neck. Five years after the 
completion of radiation therapy for the 
involved area, followed by six courses of 
chemotherapy with mechliorethamine 
hydrochloride (nitrogen mustard), vin- 
cristine sulfate, procarbazine hydro- 
chloride, and prednisone, he developed 
cerebral gliosarcoma. Numerous sec- 
ond malignant neoplasms have been re- 
ported in adults following treatment for 
Hodgkin’s disease; however, the se- 
quence of events in our patient is a new 
finding that has not, to our knowledge, 
been reported previously. While the sec- 
ond malignant tumor may have been 
induced by prior treatment, direct evi- 
dence is lacking. 

(AJDC 1986;140:49-51) 


ecent advances in the treatment of 
cancer have resulted in increased 
survival and possible cures for many 
malignant disorders, particularly 
childhood cancers. There has been a 
marked improvement in the treatment 
of childhood Hodgkin’s disease,’ and 


For editorial comment see p 17. 


five-year survival rates for even ad- 
vanced stages of Hodgkin’s disease ap- 
proach or exceed more than 75% with 
modern treatment policies.* However, 
successful therapy in childhood cancer 
is frequently associated with long- 


Accepted for publication Sept 4, 1985. 

From the Departments of Pediatrics (Drs 
Takaue, Sullivan, Ramirez, and van Eys) and 
Pathology (Dr Cleary), The University of Texas 
M. D. Anderson Hospital and Tumor Institute, 
Houston. 

Reprint requests to Department of Pediatrics, 
M. D. Anderson Hospital and Tumor Institute, 
Texas Medical Center, 6723 Bertner Ave, Hous- 
ton, TX 77030 (Dr Takaue). 


AJDC—Vol 140, Jan 1986 


term morbidity, including second ma- 
lignant neoplasms’; the 20-year cu- 
mulative probability percentage of a 
second cancer was predicted as 12% by 
Li et al.* 

Patients with certain malignant neo- 
plasms have a propensity to develop a 
second malignant neoplasm, and am- 
ple evidence in the recent literature 
documents an increased risk fer sec- 
ond malignant neoplasms in survivors 
of Hodgkin’s disease. This was re- 
cently reviewed elsewhere.”” Inten- 
sified therapy in adults has been asso- 
ciated with an increased incidence of 
secondary malignant neoplasms”; only 
occasional cases of secondary malig- 
nant neoplasms have been reported in 
children (Table).*” 

The mechanism of second tumor in- 
duction remains unknown. Genetic 
constitution and prior administration 
of carcinogenic agents are prime con- 
siderations. Immunosuppression that 
is incidental to therapy may be con- 
tributory for certain types of malig- 
nancy such as leukemia/lympnoma.” 
Further accumulation of cases may 
provide a basis for investigations that 
would elucidate the mechanism of on- 
cogenesis. 

We describe a child with Hodgkin’s 
disease who developed cerebral glio- 
sarcoma five years following the com- 
pletion of therapy for his initial dis- 
ease. 


PATIENT REPORT 


A 6-year-old boy was in good health until 
April 1977, when he developed rizht cer- 
vical lymphadenopathy, which measured 
2x4 cm, without associated fever. weight 
loss, or night sweats. The diagnosis of 
mixed-cellularity Hodgkin’s disease was 


made based on the findings of an excisional 
biopsy specimen of an involved cervical 
node. The pathologic disease stage was I,. 
No family history of cancer, neurofibroma- 
tosis, or other hereditary diseases was 
elicited. Radiation therapy (3,000-rad tu- 
mor dose) to the involved area of the right 
side of the neck was given; six courses of 
chemotherapy with mechlorethamine hy- 
drochloride (nitrogen mustard), vincristine 
sulfate, procarbazine hydrochloride, and 
prednisone (MOPP) followed. Therapy was 
completed in January 1978; follow-up evalu- 
ations showed no evidence of recurrent 
Hodgkin’s disease. 

In July 1983, six years after the initial 
diagnosis and five years after completion of 
therapy, he presented with a five-day his- 
tory of nausea, vomiting, and generalized 
headache without fever. Physical examina- 
tion showed bilateral papilledema and stiff- 
ness of the neck. Computed tomography of 
the brain with contrast material showed a 
large, solid, enhancing tumor with sur- 
rounding edema in the right frontoparietal 
area. The following day, the patient under- 
went a craniotomy with resection of the 
entire tumor, which measured 3 x 4 em. His 
recovery was uneventful. The histologic 
diagnosis, made on the basis of light and 
electron microscopic findings, was gliosar- 
coma. Postoperatively, the patient received 
cranial irradiation (6,000-rad tumor dose in 
33 fractions). A computed tomographic 
scan of the brain in October 1983 showed 
significant improvement. A cytogenetic 
study of peripheral blood lymphocytes re- 
vealed no constitutional abnormalities in 
the patient’s karyotype. The patient re- 
mained free of any evidence of either Hodg- 
kin’s disease or brain tumor as of August 
1985. 


COMMENT 


The incidence of second malignant 
neoplasms following intensive therapy 
in patients treated for Hodgkin’s dis- 
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No. of < No O) maeu 
of SC Leukemia NHL Sarcoma Carcinoma 


Source, yr Patients 


Sullivan et al,2° 1983, 


M. D. Anderson Hospital and 
Tumor Institute, Houston 228 


Donaldson and Kaplan,'® 
1982, Stanford (Calif) 
University 

Norris et al,'® 1975, Mayo 
Clinic, Rochester, Minn 


Tan et al,'® 1983, Memorial 
Sloan-Kettering Cancer 
Center, New York 

Padmalatha et al,” 1982, 
University of Wisconsin 
Clinical Science Center, 
Madison 

Lange and Littman,'? 1983, 
Children's Hospital of 
Philadelphia 

Smith et al,’* 1977, Royal 
Marsden Hospital, London 

Wilimas et al,'® 1980, St Jude 
Children’s Research 
Hospital, Memphis 


Total 


0 (0) 


8 (3.5) 


7 (3.9) 


4 (3.4) 


1 (0.9) 


1 (1.1) 


2 (3.4) 


1 (1.9) 
24 (2.7) 





*SC indicates second malignant neoplasm; NHL, non-Hodgkin's lymphoma. 


ease is at least 2%; prominent among 
the second malignant neoplasms is 
acute nonlymphocytic leukemia 
(ANLL),°” though a wide variety of 
less common tumors have been de- 
scribed.” ” 

Glioblastoma multiforme, grade 3, 
of the right frontal lobe of a 36-year-old 
man was reported 10.7 years after he 
was treated with mantle irradiation 
therapy, without chemotherapy, for 
Hodgkin’s disease.° However, the de- 
velopment of cerebral gliosarcoma fol- 
lowing therapy for Hodgkin’s disease 
remains, to our knowledge, unre- 
ported up to this time. As gliosarcoma 
of the cerebrum is rare in children, the 
occurrence of these two malignant 
neoplasms in childhood may be associ- 
ated more directly, rather than by 
chance. The occurrence of a related 
second malignant neoplasm outside 
the field of prior irradiation is not 
without precedent, eg, the occurrence 
of osteosarcoma in the long bones of 
children who were given radiotherapy 
for retinoblastoma.*“ However, the 
majority of second cancers occur in the 
field of prior radiotherapy.* The Chil- 
dren’s Cancer Study Group reported 
that nine cases of brain tumors that 
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were diagnosed by means of biopsy 
specimens (one ependymoma, four 
gliomas, and four astrocytomas) devel- 
oped among 468 long-term survivors 
who had acute lymphocytic leukemia 
and who received 2,400 rad of prophy- 
lactic skull irradiation; there was an 
additional, more recent case that was 
not ineluded in their abstract.” Thus, 
the development of gliosarcoma in un- 
irradiated tissue is of interest. 

Both radiotherapy and chemother- 
apy influence the incidence of second 
malignant neoplasms.” Alkylating 
agents, such as mechlorethamine hy- 
drochloride (nitrogen mustard), dam- 
age DNA by cross-linking DNA dur- 
ing the resting phase and are primarily 
associated with carcinogenesis.”* 
Procarbazine is recognized as one of 
the most potent carcinogens in ani- 
mals.” Patients with Hodgkin’s dis- 
ease who are treated more aggres- 
sively by extensive radiation therapy 
and intensive chemotherapy, particu- 
larly MOPP and modified MOPP regi- 
mens, are at an increased risk of devel- 
oping second eancers. Grunwald and 
Rosner’ reviewed 216 reported cases of 
secondary ANLL following therapy 
for Hodgkin’s disease and found that 


96% of the patients were treated with 
alkylating agents and 79% of the pa- 
tients received procarbazine. Further- 
more, Valagussa et al” reported that 
ANLL was observed only in patients 
treated with chemotherapy that em- 
ployed alkylating agents and/or pro- 
earbazine, either alone or associated 
with radiation therapy. No cases of 
leukemia were documented after a 
regimen of doxorubicin hydrochloride, 
bleomycin sulfate, vinblastine sulfate, 
and dimethyltriazenoimidazole car- 
boxamide, with or without radiation 
therapy. 

Genetic constitution is also thought 
to play an important role in the origin 
of childhood Hodgkin’s disease. An in- 
creased risk of development of Hodg- 
kin’s disease in the relatives of patients 
has been reported,” and an association 
between Hodgkin’s disease and certain 
HLA haplotypes has been shown.” 
Furthermore, 40 of 137 secondary ma- 
lignant neoplasms that were evaluated 
in the Late Effects Study Group were 
found to have the following genetic 
susceptibilities to cancer: retinoblas- 
toma in 25 cases, neurofibromatosis in 
seven, nevoid basal cell carcinoma in 
four, and xeroderma pigmentosum in 
four.’ 

The third possible causative factor 
in the induction of second malignant 
neoplasms could be immunosuppres- 
sion that is characteristic of advanced 
Hodgkin’s disease and/or immuno- 
suppressive effects of treatment that 
allow an environmental oncogenic fac- 
tor to induce a second malignant neo- 
plasm.” 

For most childhood patients with 
cancer, the immediate gains from ini- 
tial chemotherapy exceed the risk of a 
second malignant neoplasm; however, 
it must be remembered that there are 
clinical situations, such as in Hodgkin’s 
disease, in which there is a high proba- 
bility of developing secondary malig- 
nant tumors. The benefit of such treat- 
ment must be weighed against its 
carcinogenic potential, and long-term 
surveillance of children with cancer is 
especially important. 


References 


1. Sullivan MP, Fuller LM, Chen T, et al: 
Intergroup Hodgkin’s Disease in Children Study 
of stages I and II: A preliminary report. Cancer 
Treat Rep 1982;66:937-947. 


Second Malignant Neoplasm—Takaue et al 


2. Sullivan MP, Fuller LM, Butler JJ: Hodg- 
kin’s disease, in Sutow WW, Vietti TJ, Fernbach 
DJ (eds): Clinical Pediatric Oncology. St Louis, 
CV Mosby Co, 1984, pp 416-451. 

3. Meadows AT, D’Angio GJ, Evans AE, et al: 
Spontaneous and treatment-related second ma- 
lignant neoplasms in children, in Severi L (ed): 
Tumors of Early Life in Man and Animals. 
Perugia, Italy, Perugia Division of Cancer Re- 
search, 1978, pp 45-59. 

4, Li FP, Cassady JR, Jaffe N: Risk of second 
tumors in survivors of childhood cancer. Cancer 
1975;35:1230-1235. 

5. Nelson DF, Cooper S, Weston MG, et al: 
Second malignant neoplasms in patients treated 
for Hodgkin’s disease with radiotherapy or ra- 
diotherapy and chemotherapy. Cancer 1981;48: 
2386-2393. 

6. Pedersen-Bjergaard J, Larsen SO: Inci- 
dence of acute nonlymphocytic leukemia, preleu- 
kemia, and acute myeloproliferative syndrome up 
to ten years after treatment of Hodgkin’s disease. 
N Engl J Med 1982;307:965-971. 

7. Coltman CA Jr, Dixon DO: Second malig- 
nancies complicating Hodgkin's disease: A South- 
west Oncology Group ten-year follow-up. Cancer 
Treat Rep 1982;66:1023-1033. 

8. Glicksman AS, Pajak TF, Gottlieb A, et al: 
Second malignant neoplasms in patients success- 
fully treated for Hodgkin’s disease: A Cancer and 
Leukemia Group B Study. Cancer Treat Rep 
1982;66:1035-1044. 

9. Grunwald HW, Rosner F: Acute myeloid 
leukemia following treatment of Hodgkin’s dis- 
ease: A review. Cancer 1982;50:676-683. 

10. Tester WJ, Kinsella TJ, Waller B, et al: 
Second malignant neoplasms complicating Hodg- 
kin’s disease: The National Cancer Institute ex- 
perience. J Clin Oncol 1984;2:762-769. 

ll. Papa G, Mauro FR, Anselmo AP, et al: 
Acute leukaemia in patients treated for Hodg- 
kin’s disease. Br J Haematol 1984;58:43-52. 

12. Brody RS, Schottenfeld D: Multiple pri- 
mary cancers in Hodgkin’s disease. Semin Oncol 


1980;7:187-201. 

13. Norris DG, Burgert EM Jr, Cooper HA, 
et al: Hodgkin’s disease in childhood. Cancer 
1975;36:2109-2120. 

14. Smith IE, Peckham MJ, McElwain TJ, 
et al: Hodgkin’s disease in children. Br J Cancer 
1977;36:120-129. 

15. Wilimas J, Thompson E, Smith KL: Long- 
term results of treatment of children and adoles- 
cents with Hodgkin's disease. Cancer 1980;46: 
2123-2125. 

16. Donaldson SS, Kaplan HS: Complications 
of treatment of Hodgkin’s disease in ch dren. 
Cancer Treat Rep 1982;66:977-989. 

17. Padmalatha C, Ganick D, Hafez GR, et al: 
Hodgkin’s disease and non-Hodgkin’s lymphoma 
in children and young adults: A clinicopathologic 
study of 127 cases. Med Pediatr Oncol 1382;10: 
175-184. 

18. Tan C, Jereb B, Chan KW, et al: Hodgkin's 
disease in children: Results of management be- 
tween 1970-1981. Cancer 1983;51:1720-1726. 

19. Lange B, Littman P: Managem=nt of 
Hodgkin’s disease in children and adoleszents. 
Cancer 1983;51:1371-1377. 

20. Sullivan MP, Ramirez I, Ried HL: Second 
malignancies following Hodgkin’s disease (HD) in 
children differ from those of adults: Incidence 
occurring among 228 pediatric HD patients. Proc 
Am Assoc Cancer Res 1983;24:160. 

21. Penn I: Second malignant neoplasm= asso- 
ciated with immunosuppressive medicztions. 
Cancer 1976;37:1024-1032. 

22. Halperin EC, Greenberg MS, Sut HD: 
Sarcoma of bone and soft tissue following treat- 
ment of Hodgkin’s disease. Cancer 1984;53: 
232-236. 

23. Jaequillat C, Khayat D, Desprez-Surely 
JP, et al: Non-Hodgkin’s lymphoma occurring 
after Hodgkin’s disease: Four new cases and a 
review of the literature. Cancer 1984;53:459-462. 

24. Sagerman RH, Cassady JR, Tretzer P, 
et al: Radiation-induced neoplasia following ex- 
ternal beam therapy for children with retimoblas- 


Ross Educational Award 


toma. Am J Roentgenol Rad Therapy Nucl Med 
1969;105:529-535. 

25. Albo V, Miller D, Leiken S, et al: Nine 
brain tumors as a late effect in children ‘cured’ of 
acute lymphoblastic leukemia from a single pro- 
tocol study (141). Proc Am Soc Clin Oncol 1985;4: 
172. 

26. Miller EC, Miller JA: Mechanisms of chem- 
ical carcinogenesis. Cancer 1981;47:1055-1064. 

27. Kyle RA: Second malignancies associated 
with chemotherapeutic agents. Semin Oncol 
1982;9:131-142. 

28. Pedersen-Bjergaard J, Philip P, Pedersen 
NT, et al: Acute nonlymphocytie leukemia, pre- 
leukemia, and acute myeloproliferative syn- 
drome secondary to treatment of other malignant 
disease: II. Bone marrow cytology, cytogenetics, 
results of HLA typing, response to antileukemic 
chemotherapy, and survival in a total series of 55 
patients. Cancer 1984;54:452-462. 

29. O’Gara RW, Adamson RH, Kelly MG, et al: 
Neoplasms of the hematopoietic system in non- 
human primates: Report of one spontaneous tu- 
mor and two leukemias induced by procarbazine. 
J Natl Cancer Inst 1971;46:1121-1130. 

30. Valagussa P, Santoro A, Bellani FF, et al: 
Absence of treatment-induced second neoplasms 
after ABVD in Hodgkin’s disease. Blood 1982; 
59:488-494. 

31. Kerzin-Storrar L, Faed MJW, MacGil- 
livray JB, et al: Incidence of familial Hodgkin’s 
disease. Br J Cancer 1983;47:707-712. 

32. Berberich FR, Berberich MS, King MC, 
et al: Hodgkin’s disease susceptibility: Linkage to 
the HLA locus demonstrated by a new concor- 
dance method. Hum Immunol 1983;6:207-217. 

33. Levy R, Kaplan HS: Impaired lymphocyte 
function in untreated Hodgkin’s disease. N Engl 
J Med 1974;290:181-186. 

34. Weitzman SA, Aisenberg AC, Siber GR, 
et al: Impaired humoral immunity in treated 
Hodgkin’s disease. N Engl J Med 1977;297: 
245-248. 


The American Academy of Pediatrics is soliciting nominations for the Ross 
Education Award, which recognizes outstanding accomplishments in pediatric 
postgraduate and continuing medical education in the preceding two to three 
years. All nominations must be received prior to Jan 15. 1986, and shall be sent in 


care of: 


Director, Department of Education 
American Academy of Pediatrics 
PO Box 927 
Elk Grove Village, IL 60007 


The award will be given when an educational effort is considered outstanding 
and worthy, but not necessarily on an annual basis. The award is limited to 
persons in the Americas. Membership in the American Academy of Pediatrics is 
not required. Criteria for selection of the awardee willinclude originality in con- 
cept, educational quality, and potential for utilization of concepts and materials 
in other programs and practices. Nominations for the award are open to 
practitioners, academicians, and other pediatric educators. The award will be 
presented at the annual meeting of the American Academy of Pediatrics. The 
award winner will be asked to give a paper on his or her achievements and 
methods as part of the annual meeting program. 


AJDC—Vol 140, Jan 1986 





Second Malignant Neoplasm—Takaue etal 51 








+i 





Feeding Induction in Children Who Refuse to Eat 


Benjamin L. Handen, PhD; Frederick Mandell, MD; Dennis C. Russo, PhD 


è Seven chronically ill patients who 
refused to eat after prolonged hospi- 
talizations were started on a feeding 
induction program that was based on 
behavior modification. Each of the chil- 
dren exhibited food aversions and was 
either dependent on central intravenous 
nutrition or received enteral feedings as 
the primary source of calories. An inter- 
vention program was initiated for six of 
the patients while they were hospi- 
talized; the program was continued at 
home by the parents. All seven patients 
established consistent oral intake, and 
five were removed from supplemental 
feeding sources after implementation of 
the feeding induction programs. 

(AJDC 1986;140:52-54) 


May infants with a variety of con- 

genital anomalies now survive as 
a result of recent advances in neo- 
natology. One consequence of such sur- 
vival has been the increased use of 
prolonged parenteral hyperalimenta- 
tion and enteral feedings. Such regi- 
mens have been life sustaining, but 
many complications have been noted. 
For example, local and systematic in- 
fections, electrolyte imbalances, nu- 
tritional deficiencies, and respiratory 
problems have occurred.** Oral intake 
does not necessarily ensue as these 
children begin to recover and are re- 
moved from nonoral feeding regimens; 
in some instances children may refuse 
to eat. At this point, nutritional insuf- 
ficiency becomes one of the primary 
foci for treatment. The condition of 
many of these infants is termed failure 
to thrive, a diagnosis that typically 
refers to infants and young children 
who weigh less than 85% of ideal 
weight for age or whose weight con- 
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sistently falls below the third percen- 
tile for age on standardized growth 
charts.‘ 

There is little information or data on 
treatment interventions for children 
with problems of insufficient oral in- 
take. However, recent reports have 
suggested that behavior modification 
may provide an effective method for 
the treatment of such eating disorders 
as life-threatening infant rumination/ 
regurgitation,*® selective food refusal 
in children who are developmentally 
disabled,”““ and conditioned dys- 
phagia in children with a cleft palate.” 

We report the results of a behavioral 
feeding program that was conducted 
with seven children with severe con- 
genital anomalies and food aversion. 


PATIENTS AND METHODS 


All seven children were patients at a 
university-affiliated pediatric hospital and 
were observed during a two-year period. 
Table 1 describes multiple characteristics 
for the seven patients. All patients had 
severe congenital anomalies and a diag- 
nosis of food aversion (sporadic oral intake, 
with liquids and foods typically refused or 
regurgitated). Prior to the onset of the 
program, two of the patients had no oral 
intake, while the remaining five patients 
evidenced inconsistent intake of liquid and/ 
or food far below the level required for 
adequate nutritional needs. Consequently, 
the patients were dependent on either a 
central line or feeding tube for their pri- 
mary source of nutrition. The patients were 
referred for evaluation once medical staff 
had determined that oral intake might facil- 
itate development, but initial attempts at 
feeding induction failed. 

Six of the patients were initially evalu- 
ated and treated during admission as inpa- 
tients. The patients were discharged 
within two to three months, at which time 
the parents, who had been trained to con- 
duct the feeding program, continued the 
intervention at home. The remaining pa- 
tient was evaluated and treated solely on an 
outpatient basis. 


Preliminary Assessment 


Interviews were conducted with both the 
patient’s parents and hospital staff to ascer- 
tain the following: (1) a description of past 
efforts to produce oral intake, (2) a descrip- 
tion of present protocol to produce oral 
intake, (3) a description of the parents’ and 
staff's responses to the child during feeding 
efforts (ie, both when the child accepts and 
rejects food), (4) information on any medi- 
cal limitations as to the types of foods that 
can be safely digested and absorbed, and 
(5) identification of potential reinforcers for 
the child. 

Primary data were obtained from obser- 
vation of the child in a number of eating 
situations. This provided an opportunity to 
observe the child’s mealtime behavior and 
to evaluate staff and parental responses to 
such behavior. The observation focused on 
the temporal relationship between interac- 
tion with the patient and noneating and 
included: (1) attempts by staff/parents to 
coach or prod the child to eat, (2) repri- 
mands and other responses given by staff/ 
parents following the child’s refusal to eat, 
(3) the amount of food the child accepted 
and swallowed, and (4) the response of 
caretakers if the child ate. 


Development and Implementation 
of the Feeding Plan 


The following general feeding protocol 
was established, with some adjustments 
made to meet individual patients’ needs: 

Specify Staff to Conduct the Pro- 
gram.—A limited number of people (in- 
cluding parents) were identified and 
trained to conduct the program to ensure 
consistency and accurate communication. 

Identify Foods to Be Eaten.—Foods 
previously preferred or accepted in the 
past were chosen. For those patients with 
no history of oral intake, foods/liquids that 
would be easiest to digest were identified 
by the hospital dietitian. 

Specify How to Present Food to the 
Child.—Most children were fed in isolated 
areas to eliminate distractions. Older chil- 
dren were presented with a plate of food, 
and staff were instructed to simply check 
on them every few minutes to praise eating. 
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1/F/10 


= 


Food aversion; Hirschsprung’s disease, enterocolitis, 


short-bowel syndrome, central venous line dependency 


2/F/19 


3/M/19 
4/M/13 


Food aversion; Hirschsprung’s disease, short-bowel syndrome, central 
venous line dependency, recurrent infections 


Food aversion; immunodeficiency syndrome 
Food aversion; multiple congenital anomalies, severe intrauterine growth 


retardation, failure to thrive, central venous line dependency 


5/M/24 


Chronic aspiration, fear of aspiration (food aversion); multiple congenial 


anomalies (underlying congenital heart disease) 


6/M/66 
7/M/43 


Food aversion; malabsorption syndrome, central line dependency 
Food aversion; chronic lung disease, congestive heart failure; 





gastrointestinal tract bleeding 


i 


intake Before 
Patient Feeding Induction* Intake at Discharge Intake at Follow-up 


Inconsistent intake of 
30-90 mL protein- 
mineral formula 
per day 


None 


100-300 mL liquid/soft 
food per day 


Up to 30 mL liquid 
per day 


Minimal amounts of 
soy protein formula, 
cereal, and fruit 
inconsistently; 
vomiting 
of food 


None 


Minimal and 
inconsistent 
oral intake, 
vomiting of food 


200 mL protein-mineral 
formula per day 


Small amount of rice 
per day 


1,300 mL liquid/soft food 
per dayt 

600-700 mL formula and 
solid foods per dayt 


Mostly puddings, little 
or no vomitingT 


140 bites of solid food 
per day 
Outpatient 


(12 mo) regular diet 


(3 mo) eating soft foods, 
died due to respiratory failure 
secondary to chronic illness 


(12 mo) wide variety of 
solid foodst 

(12 mo) wide variety of 
solid foodst 


(6 mo) cheese, peanut 
butter, tuna fish, and juice- 


(24 mo) 3 full meals per 
dayt 


(24 mo) high caloric fluids 
and soft foodst 





*All patients received parenteral hyperalimentation or enteral feedings. 


tNo supplemental nonoral feedings were required. 


Younger children were presented with a 
small spoon or cup of food/liquid in a rela- 
tively neutral manner, with attention with- 
held until a bite/sip was accepted. 

Develop a Hierarchy of Steps and Crite- 
rion for Success.—This served to ensure 
consistency throughout the staff and pro- 
vided for a slow, gradual increase in the 
eating requirement, based on the child’s 
rate of success at prior steps. The initial 
step typically involved only one required 
bite of food to increase the probability that 
the child would succeed. Succeeding steps 
involved gradually increasing the number 
of required bites if a child met the criterion 
(eg, at least four consecutive successful 
“meals”). 

Provide Many Meals of Short Dura- 
tion.—Each child was fed small meals four 
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to six times per day. This allowed th= child 
to be exposed to the program contingencies 
many times during the day and increased 
the likelihood of success, as only small 
amounts of eating were required at any 
given time. 

Limit Access to Reinforcers at Non- 
Mealtimes.—Access to many reinforcers 
(eg, favorite books, toys, television) was 
limited to those times that directly followed 
meals. Social attention, proved to be an 
especially major source of reinforcement 
for all of the patients. To increase the 
probability that adult presence wou_d be a 
powerful reinforcer and would serve to 
motivate the patient to eat, adult attention 
was minimized for the 20-minute period 
prior to the beginning of each meal. It was 
also felt that this would assist the patient to 


discriminate between mealtime and other 
daily activities. 

Provide Reinforcement Immediate- 
ly.—Reinforcement was provided imme- 
diately following appropriate eating. Pa- 
tients received social attention (eg, praise, 
clapping) following each individual bite and 
a larger, individualized reinforcer (eg, a 
favorite toy, the reading of a story) if the 
entire meal was eaten. 

Specify Consequences for Non-Eat- 
ing.—The older children (subjects 2, 5, 6, 
and 7) were allowed up to 30 minutes (de- 
pending on the size of the meal) to eat each 
meal. If the child was unable to do this, the 
adult indicated that the meal was over and 
that it was time for a nap. The child was 
then placed in bed for 60 minutes without 
access to favored activities or attention. 
The younger children (subjects 1, 3, and 4), 
who were fed by an adult (subject 3, while 
19 months old, was not developmentally 
able to feed himself), were given 30 s to 
accept offered food/liquid. Refusal resulted 
in the staff member turning away from the 
child for one minute before food/liquid was 
reoffered. If the child continued to refuse, 
he or she was placed in a crib for 15 minutes 
without access to toys or attention. 


RESULTS 


Table 2 describes the results of the 
feeding programs at the time of dis- 
charge and follow-up for each of the 
seven patients. All seven patients es- 
tablished consistent oral intake follow- 
ing the implementation of the feeding 
program. Three of the inpatients were 
removed from supplemental feeding 
methods prior to discharge and relied 
solely on oral intake for their nutri- 
tional requirements. The remaining 
three inpatients were discharged with 
an increased oral intake but continued 
to depend on supplemental feeding 
sources. One of these patients died of 
respiratory failure secondary to 
chronic illness within a few months of 
discharge. 

In each case, parents were trained 
to conduct the feeding program at 
home. As a result, most of the patients 
continued to increase their oral intake. 
At a 12-month follow-up, patient 1 con- 
tinued to receive supplemental feed- 
ings via gastrostomy tube. However, 
she was eating a regular diet but was 
unable to absorb enough nutrients to 
be maintained on oral feedings alone. 
Patients 3 and 4 both continued to eat a 
wide variety of solid foods at a 12- 
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month follow-up and did not require 
additional parenteral feedings or 
hyperalimentation. At a six-month fol- 
low-up, patient 5 had progressed to 
solid foods, such as cheese, peanut 
butter, and tuna fish, and had contin- 
ued to maintain an appropriate growth 
rate without supplemental (nonoral) 
feedings. Patient 6 continued to eat 
regularly and averaged about 1,400 
calories per day at a 28-month follow- 
up; parenteral feedings had been dis- 
continued following discharge. Fi- 
nally, at a 24-month follow-up, patient 
7 was eating high caloric fluids and soft 
foods and had been removed from non- 
oral supplemental feedings. Yet, while 
intake was adequate to maintain the 
patient’s weight, only a minimal 
weight gain had been noted. 


COMMENT 


This study describes the effective- 
ness of behavioral eating induction 
programs with children presenting ex- 
tended supplemental feeding histories 
and food aversions. All seven of the 
children established consistent oral 
feeding patterns following the inter- 
vention. Five of the children were 
eventually removed from supplemen- 
tal feeding sources. 

The development of food aversions in 
this population may be influenced by a 
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variety of factors. Developmentally, 
nonoral feedings, especially during in- 
fancy, may interfere with the associa- 
tion of eating as a pleasurable experi- 
ence.” Similarly, it has been suggested 
that there exist critical or sensitive 
periods during infancy in which the 
failure to introduce liquid or solid 
foods may result in future behavioral 
feeding difficulties.” Behavioral fac- 
tors, such as a fear of choking or oral 
and gastrointestinal discomfort from 
the initial introduction, swallowing, 
and digestion of food, may lead to some 
hesitancy to eat on the part of a child 
who has been nutritionally supported 
via nonoral methods for prolonged pe- 
riods. This may be followed by forced 
feedings or anxiety and pressure on 
the part of parents or care providers, 
which only tends to heighten a child’s 
fears.’ Similarly, refusing to eat may 
result in a considerable increase in 
attention provided to the child as well 
as a rare opportunity to exhibit some 
level of control over his or her environ- 
ment. 

The reasons for the success of a 
behavioral approach to the treatment 
of food aversion in this population may 
be related to a number of factors. 
First, some of the patients may never 
have had the opportunity to learn to 
eat, having been fed via enteral feed- 
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ings or parenteral hyperalimentation 
for most of their lives. As a result, a 
child may have missed a number of 
critical developmental milestones in 
the area of feeding, as well as never 
experienced eating as a pleasurable 
activity. Therefore, an approach that 
breaks down eating into small, learna- 
ble steps or components may be an 
effective means of introducing eating 
skills. A second possible explanation 
may be that a behavioral approach 
serves to desensitize patients to eating 
fears. Beginning with minimal intake 
requirements and then gradually in- 
creasing the amount of food that is 
offered may provide the opportunity 
for anxiety to be diminished. Finally, 
for those patients who may have come 
to use food refusal as a means of manip- 
ulating or controlling their environ- 
ments, a behavioral approach focuses 
on changing parent-child interactions. 
As a result, appropriate eating be- 
havior is reinforced by the providers of 
care, and attention is withheld for be- 
havior such as crying, choking, or 
struggling, which often occur as the 
child attempts to terminate feeding 
efforts. 
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Special Features 


Radiological Case of the Month 


Jack S. Elder, MD (Contributor); Lionel W. Young, MD (Section Editor) 


A 14-year-old previously healthy boy 

came to the hospital emergency 
unit with the complaint that he had 
been kicked in the perineum one week 
earlier. Immediately after the injury 
he had developed gross hematuria that 
resolved in two to three days. Subse- 
quently, he developed severe dysuria, 
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urgency, and frequency. His urine was 
foul-smelling. He had no fever flank 
or suprapubic discomfort. Theze was 
no prior history of urinary tract symp- 
toms or of urinary tract operations. He 
denied exposure to tuberculosis and 
schistosomiasis, although he had trav- 
eled to Greece, in which schistosomia- 
sis is endemic, on three occasions. 

He was a moderately obese. post- 
pubertal boy with no other abnormali- 
ties on physical examination. A urine 
culture yielded 100,000 colonies per 
high-power field of Staphylococcus au- 


Figure 1. 


reus (coagulase-positive). His serum 
creatinine level was 0.9 mg/dL. The 
reaction of an intermediate strength of 
purified protein derivative was posi- 
tive but was not of recent conversion. 
Microscopic examination of multiple 
urine specimens showed no acid-fast 
bacilli or parasites. 

An intravenous urogram was done 
(Fig 1). A chest roentgenogram was 
normal, and a voiding cystourethro- 
gram showed no vesicoureteral reflux. 
Urinary infection caused by S awreus 
persisted in spite of antibiotic therapy. 
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Denouement and Discussion 


Calcified Vesical Foreign Body 


Fig 1.—Left, Roentgenogram of abdomen showing multiple oval 
and irregular calcific densities in area of bladder. Right, Intravenous 
urogram at ten minutes showing mild bilateral hydronephrosis with 
ureterectasis. 


Cystoscopy showed a large calcified 
mass in a mildly trabeculated bladder; 
the mass was much too large to be 
crushed and removed transurethrally. 
An open cystotomy was performed and 


a 6x4.5x3-em, foul-smelling mass . 


was removed. On close inspection the 
mass appeared to be a coiled fishing 
line that was heavily calcified (Fig 2). 
Chemical analysis of the calcified ma- 
terial yielded 100% ammonium acid 
urate. On subsequent pertinent ques- 
tioning, the boy admitted that four 
years previously (during an episode of 
sexual experimentation) he had in- 
serted the fishing line into his urethra. 
Follow-up cystoscopy showed no re- 
sidual fragments of calculus material. 

Vesical calculi are uncommon in the 
United States. They occur with ob- 
structive uropathy primarily in men 
over 50 years old. During the 19th 
century, calculi in children’s bladders 
were found commonly in England and 
France, but the incidence since then 
has decreased dramatically, probably 
due to improvements in diet and nutri- 
tion.’ Currently, the most common 
causes of vesical calculi in children in 
the United States are foreign bodies or 
urinary stasis with infection in neu- 
rogenic bladders secondary to men- 
ingomyelocele or spinal cord injury. 

It is known that stones can develop 
around suitable foreign bodies in the 
urinary tract without the presence of 
infection or abnormal urinary pH.’ 
Iatrogenic causes of vesical calculi in- 
clude the use of nonabsorbable suture 
material in bladder closure during op- 





Fig 2.—Heavily calcified mass of fishing 
line removed at cystotomy. 


eration,” incrustations that develop on 
urethral or suprapubic catheters that 
have been in place for prolonged peri- 
ods,* and Foley balloon fragments.’ 
The category of autointroduction of 
urethral foreign bodies includes a 
large assortment of articles, with 
chewing gum, hairpins, and ther- 
mometers as the more commonly en- 
countered objects.° However, there 
are relatively few reports of this occur- 
ring in children. Autointroduction of 
foreign bodies may occur: during self- 
exploration of the genital organs; dur- 
ing masturbation; in patients with 
mental disturbances; or in association 
with the use of alcohol or mind-altering 
drugs. When it occurs during mastur- 
bation, this behavior often is an indica- 
tion of psychiatric disturbance and 
may recur.”* In children it is important 


to consider child abuse by a parent or 
assault by another person as a possible 
cause. 

Extravesical calcifications or calcifi- 
cation of the bladder wall may be con- 
fused with a vesical calculus on a plain 
abdominal roentgenogram, and cys- 
toscopy is necessary to distinguish 
among these abnormalities. Bladder 
wall calcification is produced com- 
monly by schistosomiasis and by tu- 
berculosis. In the former, an early 
finding is a curvilinear line of calcifica- 
tion outlining the bladder. As the dis- 
ease progresses, further deposition of 
calcium can occur and produce thick, 
calcified bands within the bladder wall 
and cause a severely contracted blad- 
der.” 
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Denouement and Discussion 


Cat-seratch Fever 


Fig 1.—Cervical lymphadenopathy (A) with primary pustule as 
inoculation site (B). 


Fig 2.—Axillary lymphadenopathy. 


Fig 3.—Parinaud’s oculoglandular syndrome with unilateral con- 
junctivitis (left) and multiple granulomas involving palpebral con- 
junctiva (right). 


A skin pustule or papule resembling 
an insect bite may be present up to 30 
days after the patient is scratched by a 
eat. Rarely, it develops after a dog or 
monkey bite or a scratch from a thorn 
or splinter. With careful scrutiny, the 
inoculation site can be detected in the 
majority of patients. 

Approximately two weeks (range, 
three to 50 days) after the scratch, 
regional lymphadenopathy develops in 
the epitrochlear, axillary, cervical, su- 
praclavicular, submandibular, periau- 
ricular, or inguinal areas. The 
enlarged lymph nodes are painful and 
tender for one to three months. Most 
enlarged nodes subside spontane- 
ously, but some suppurate, soften, and 
drain. 

Fever, malaise, headache, rash, and 
flulike symptoms are present in about 
one third of affected patients. Other 
clinical manifestations include Pari- 
naud’s oculoglandular syndrome, neu- 
rologic symptoms, osteomyelitis, 
thrombocytopenia purpura, a specific 
type of pneumonia, and erythema 
nodosum. Laboratory tests are not 


diagnostic. In some patients, leuko- 
cytosis, eosinophilia, and an elevated 
erythrocyte sedimentation rate are 
present. 

Cat-seratch disease is a common 
cause of regional lymphadenitis in chil- 
dren and should be considered in all 
patients with persistent or chronic 
lymphadenopathy. Differential diag- 
nosis includes lymphogranuloma vene- 
reum, tuberculosis, bacterial adenitis, 
tularemia, brucellosis, histoplasmo- 
sis, coccidioidomycosis, sarcoidosis, 
toxoplasmosis, infectious mononucleo- 
sis, and benign or malignant tumors. 


Diagnosis 


Cat-scratch disease should be con- 
sidered if there is a history of an animal 
(cat, dog, or monkey) scratch or the 
presence of a scratch or a primary 
lesion; a positive skin test to cat- 
scratch antigen (Hanger-Rose skin 
test); negative laboratory tests exclud- 
ing other causes of lymphadenopathy; 
and characteristic histopathologic 
findings in a biopsied lymph node. 
Recently, gram-negative bacilli were 


detected with the Warthin-Starry sil- 
ver impregnation stain in lymph 
nodes, with histologic changes of cat- 
scratch disease. 


Treatment 


Other than symptomatic treatment, 
there is no specific therapy for cat- 
scratch disease. In most eases, the 
lymphadenopathy subsides spontane- 
ously. If suppuration occurs, needle 
aspiration is preferred to incision and 
drainage. Excisional biopsy of the 
node is usually not indicated but may 
occasionally be necessary because of 
persistent pain or for diagnostic pur- 
poses. 
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Preliminary Observation of Impaired Water Excretion 
in Treated Status Asthmaticus 


Rosalyn Singleton, MD; Donald I. Moel, MD; Richard A. Cohn, MD 


è Patients in status asthmaticus often 
have elevated plasma antidiuretic hor- 
mone levels. To determine if children in 
status asthmaticus have impaired water 
excretion and an increased risk of devel- 
oping significant hyponatremia when 
given a fluid challenge, five consecutive 
patients who showed moderate asth- 
matic symptoms after taking two doses 
of epinephrine hydrochloride were given 
a fluid challenge (20 mL/kg of 5% 
dextrose in 0.2% normal saline solu- 
tion given intravenously over 30 min- 
utes followed by maintenance fluids 
[1,500 mL/sq m/24 hr] for 50 minutes). 
Urine was collected at 20-minute inter- 
vals for measurement of free-water 
clearance and percent water-load excre- 
tion in 80 minutes. This protocol was 
repeated 24 to 48 hours later, after clini- 
cal improvement. None of the patients 
was hyponatremic during status asth- 
maticus before water loading. However, 


[ mpaired water excretion has been 

associated with various pulmonary 
diseases including bronchogenic car- 
cinoma, tuberculosis, and pneumonia.’ 
One study’ has reported consistently 
elevated antidiuretic hormone (ADH) 
levels in patients in status asthmat- 
icus. In addition, Higer and Holliday’ 
have demonstrated hyponatremia and 
high urine osmolality in five of 25 chil- 
dren in status asthmaticus. 

Large volumes of hypotonic fluids 
are frequently administered during 
the initial management of patients in 
status asthmaticus to promote expec- 
toration of viscous bronchial secre- 
tions and correct dehydration caused 
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four of five patients were mildly hypo- 
natremic (serum sodium level between 
130 and 132 mEq/L) between status asth- 
maticus and after clinical improvement. 
These same four patients also became 
mildly hyponatremic after fluid chal- 
lenge during status asthmaticus. Max- 
imal free-water clearance and percent 
water load excretion in 80 minutes were 
significantly lower during status asth- 
maticus after fluid challenge compared 
with results obtained after water |oading 
when the patients’ conditions were clin- 
ically improved. We conclude that 
patients in status asthmaticus have im- 
paired water excretion after water load- 
ing but with a small risk of significant 
hyponatremia; a patient remaining in 
status asthmaticus and given large vol- 
umes of hypotonic fluid over a pro- 
longed period of time may be at higher 
risk for significant hyponatremia. 
(AJDC 1986;140:59-61) 


by reduced fluid intake and increased 
water loss from tachypnea, sw2ating, 
or diuresis from theophylline. These 
studies suggest that there are poten- 
tial risks of water intoxication in 
patients given large volumes o? hypo- 
tonic fluid. However, functional im- 
pairment of water excretion has never 
been demonstrated. 

In the present study, we examined 
water excretion and free-water clear- 
ance after acute water loading in five 
patients during both status asthmati- 
cus and after clinical improvement. 


PATIENTS AND METHODS 
Patients 


We studied five patients who were be- 
tween the ages of 5 and 15 years end who 
presented to the emergency room in status 
asthmaticus. Each patient received sub- 
cutaneous epinephrine hydrochloride and 
nebulized metaproterenol sulfate and failed 
to show improvement. Clinical data were 
obtained by history, physical examination, 
spirometry, and clinical asthma scoring (a 


numerical evaluation of oxygenation, air 
exchange, work of breathing, wheezing, 
and alertness) based on the criteria of Wood 
et al.‘ Peak expiratory flow was measured 
on a peak flowmeter. Patients were in- 
cluded in the study who had an asthma 
score between 1 and 5 (four patients with 
scores of 3 and patient 1 with a score of 2) 
and an expiratory peak flow rate less than 
80% of the predicted value. 


Acute Water-Loading Protocol 


After informed parental consent was ob- 
tained, blood was drawn for measurements 
of the sodium level, osmolality, and creati- 
nine level, and a bolus of 20 mL/kg of 5% 
dextrose in 0.2% sodium chloride solution 
was infused over 30 minutes; thereafter, 
the infusion was reduced to a maintenance 
rate (1,500 mL/sq m/24 hr) for the remain- 
ing 50 minutes of the study. Blood was 
drawn 30 and 60 minutes after bolus infu- 
sion and urine was collected at 0, 20, 40, 60, 
and 80 minutes for measurements of 
osmolality and sodium and creatinine lev- 
els. The same protocol was repeated in each 
patient 24 to 48 hours later when the 
asthma score was 0. With the exception of 
one patient, all patients were receiving 
B-adrenergic agents at home and all but 
two patients were given theophylline prep- 
arations when they presented to the emer- 
gency room. The only additional drug used 
during hospitalization was methylpred- 
nisolone sodium succinate. 


Analytical Methods and 
Calculations 


Urinary and serum osmolality were 
determined by freezing-point depression. 
Urinary and serum creatinine levels were 
measured by the modified Jaffé method on 
an autoanalyzer. Sodium concentration was 
determined by flame photometry. Free- 
water clearance as determined by the dif- 
ference between urinary flow rate and 
osmolar clearance was calculated for each 
20-minute period, but only the maximal 
free-water clearance for each study was 
used for statistical analysis. The difference 
in “status asthmaticus” and “after clinical 
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improvement” values for each patient was 
calculated and a paired ¢ test was per- 
formed. Significance was indicated by a 
P value of .05 or less. 


RESULTS 

None of the patients had experi- 
enced excessive thirst, changes in uri- 
nary frequency, or increased fluid in- 
take. In all patients, weight before 
acute water loading during status 
asthmaticus was similar to that ob- 
tained during outpatient visits within 
seven weeks of the study. Physical 
examination disclosed no signs of de- 
creased skin turgor, dry mucous mem- 
branes, or orthostatic hypotension. 

Serum and urinary chemical analy- 
ses before acute water loading in the 
five patients during status asthmati- 
cus and after clinical improvement are 
shown in Table 1. Mild hyponatremia 
(serum sodium level between 130 and 
132 mEq/L) developed between status 
asthmaticus and clinical improvement 
in four subjects. Serum creatinine lev- 
els were similar during status asth- 
maticus and after clinical improvement 
in each patient. Although urinary os- 
molality was higher during status 
asthmaticus, a higher urinary sodium 
concentration was also observed at 
this time, suggesting avid water reab- 
sorption during status asthmaticus. 

Table 2 summarizes serum elec- 
trolyte levels, minimal urine osmolal- 
ity, maximal free-water clearance, and 
percent of water load excreted in 80 
minutes after acute water loading both 
during status asthmaticus and after 
clinical improvement. During status 
asthmaticus, four of five patients dem- 
onstrated lower serum sodium levels 
following fluid challenge; after clinical 
improvement, four of five patients had 
higher serum sodium values after wa- 
ter loading. There were no statistically 
significant differences in minimal uri- 
nary osmolality achieved after fluid 
challenge during status asthmaticus 
compared with differences after clini- 
cal improvement. However, maximal 
free-water clearance after clinical im- 
provement was significantly greater 
than that achieved during status asth- 
maticus. During status asthmaticus, 
the percent of the water load excreted 
during the 80 minutes of urine collec- 
tion was significantly lower than that 
observed after clinical improvement. 
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Patient No./ 
Age, yr 


Osmolal- 
ity, 
mOsm/kg 
of H,O 


a 


Patient No. SA 


*P<.05, SA vs Cl. 


COMMENT 

The data from this study demon- 
strate that during status asthmaticus 
patients have an impaired ability to ex- 
crete an acute water load. The serum 
sodium level fell slightly between ini- 
tial determination during status asth- 
maticus and after clinical improvement 
in four of five subjects. Furthermore, 
these four patients, during status 
asthmaticus, demonstrated decreased 
serum sodium concentrations (2 to 
5 mEq/L) after fluid challenge; this did 
not occur when they were challenged 
after clinical improvement. Urinary 
sodium concentration was high during 
status asthmaticus, suggesting avid 
water reabsorption. Antidiuretic hor- 
mone levels were not measured in 
these five patients during status asth- 
maticus, but Baker et al’ documented 
elevated plasma ADH levels during 
status asthmaticus in all seven pa- 
tients whom they studied; the severity 
of asthmatic signs and symptoms in 


Osmolality, 
mOsm/kg 
of H,O 


Water 
Load 
Excreted 
in 80 min, 


Free- 
Water 
Clearance, 
mL/min 
i 


Cl Cl* 





these patients was greater than those 
in our study population. 

The five patients in our study pro- 
duced dilute urine during status asth- 
maticus after a fluid challenge but 
free-water clearance and percent of 
water load excreted during the 80 min- 
utes of observation were decreased in 
each case compared with values ob- 
served after fluid challenge, when 
each patient showed clinical improve- 
ment. There is the possibility that 
adrenergic agonists (epinephrine hy- 
drochloride and metaprotereno! sul- 
fate) are the primary causes for the 
decrease in free-water clearance ob- 
served in the five patients during 
status asthmaticus, independent of 
elevated ADH levels. It has been 
shown experimentally that catechola- 
mines are able to modulate renal water 
excretion by a direct action on tubular 
reabsorptive mechanisms’ and by 
modifying endogenous ADH release.° 
Drug effect was controlled since these 
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patients were under treatment with 
B-adrenergic agonists and theophyl- 
line during both phases of the study. 
Studies that have documented high 
plasma ADH levels have demonstrated 
unusually high values. Hyponatremia 
usually does not occur in this setting 
because the dilution of body fluids to 
hyponatremic levels would require 
consumption of larger volumes of wa- 
ter. 
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drome of inappropriate ADH secretion: Preva- 
lence in respiratory disorders. J Postgrad Med 
1982;28:92-97. 
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plasma antidiuretic hormone levels in status 
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3. Higer RW, Holliday MA: Acute bronchial 
asthma and possible inappropriate secretion of 
antidiuretic hormone. Pediatr Res 1973;7:428. 

4. Wood DW, Downes JJ, Lecks HI: A clinical 
system for the diagnosis of respiratory failure. 


Patients in status asthmaticus have 
developed signs and symptoms of 
acute water intoxication after infusion 
of hypotonic fluids.*® Based on the 
response of our patients to fluid ehal- 
lenge, there is minimal risk that such 
patients will develop significant hypo- 
natremia (serum sodium level less than 
130 mEq/L and/or signs and symptoms 
of acute water intoxication) after 
infusion of hypotonic fluids. However, 
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Book Review 


Congenital Heart Disease: A Deductive Approach to Its Diagnosis, ed 
2, by B. W. Fink, 207 pp, 280 illus, $19.95, Chicago, Year Book Medical 
Publishers, 1985. 


The first edition of Dr Fink’s monograph on congenital 
heart disease was reprinted five times. This highly suggests 
that it was received well by its intended audience, the 
physician-in-training. The approach to teaching that Dr 
Fink has used in lectures and seminars has been adapted to 
the printed word. Added to the second edition is a chapter 
on mitral valve prolapse, and within each chapter there 
exists up-to-date information concerning M-mode and sec- 
tor scan echocardiography. There is no discussion, however, 
of Doppler assessment. 

The fact that the first edition of this text had five reprints 
attests to its popularity with the pediatric house officer and 
medical student. It presents, in a succinct manner, each of 
the most common congenital heart defects. There are 17 
chapters, each dealing with a specific congenital heart 
defect. Each chapter follows the format of a presentation of 
embryology, followed by anatomy, hemodynamics, clinical 
applications, and differential diagnosis, and concludes with 
a number of “pearls.” 

The classic findings are presented. This is all that is 
desired by some physicians-in-training. Unfortunately, the 
classic situation does not occur in the majority of instances 
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and most patients present a variation on a theme. 

With each lesion, Dr Fink presents a mnemonic depicting 
the defects, obstructions, and direction of flow of blood. It 
was somewhat difficult to use the mnemonic since it varied 
with each lesion, and the question arose as to why the 
classic box diagram was not utilized. The section within 
each chapter on embryology provided background informa- 
tion; however, there is some question as to the need for this 
in a clinical situation. The section within each chapter on 
electrocardiography uses a pattern approach, and in a 
future editicn it might be nice to have a brief chapter on a 
vectorial approach to electrocardiogram analysis, as well as 
one dealing with cardiovascular examination and the nor- 
mal murmur. 

This monograph is a very needed tool for the house officer 
groping for a quick review of lesions. The description of 
“pearls,” defined by Dr Fink as “items to which deduction 
cannot always logically be applied,” provides an interesting 
conclusion te each chapter. Dr Fink has found a niche for his 
method of presenting congenital heart defects, and he is to 
be commenced. | 

WILLIAM STRONG, MD 

Medical College of Georgia 

Eugene Talmadge Memorial Hospital 
Augusta, GA 30912 
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Hypereosinophilia and Recurrent 
Angioneurotic Edema in a 24%- Year-Old Girl 


David R. Katzen, MD; Kristin M. Leiferman, MD; Peter F. Weller, MD; Donald Y. M. Leung, MD, PhD 


e A 2%-year-old girl presented 
with monthly episodes of angioneurotic 
edema, eruption of pruritic papules, 
and fever. During acute episodes, white 
blood cell counts rose as high as 
52,100/cu mm with 62% eosinophils, and 
body weights increased up to 20% of 
remission weight. Short courses of pred- 
nisone acetate caused rapid deferves- 
cence, resolution of angioneurotic 
edema, and lowering of eosinophil 
counts. In a one-year follow-up no evi- 
dence was found for cardiac or other 
visceral organ involvement. Findings of 
extensive diagnostic evaluations re- 
vealed no evidence for atopy, neoplasm, 
collagen-vascular disease, or parasitic 
infestation. Results of immunologic 
studies were essentially normal with the 
exception that this patient had a high 
level of circulating activated helper T 
cells. Biopsy specimens of the skin le- 
sions revealed dermal infiltration of lym- 
phocytes and eosinophils with deposi- 
tion of eosinophil major basic protein in 
the extracellular matrix. Awareness of 
this clinical entity and its distinction 
from the hypereosinophilic syndrome is 
important because of its favorable prog- 
nosis and rapid response to cortico- 
steroid therapy. 

(AJDC 1986;140:62-64) 


y*treme elevations of the eosinophil 

count are uncommon in children. 
Major diagnostic considerations in- 
clude metazoal parasitic diseases, es- 
pecially visceral larva migrans, the 
hypereosinophilic syndrome (HES), 
and rarely eosinophilic leukemia. Al- 
though eosinophilic leukemoid reac- 
tions occur in association with allergic, 
neoplastic, connective-tissue, or para- 
sitic diseases, these diseases usually 
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elicit a mild or moderate eosinophilic 
response.’ Onset of the HES has been 
reported in patients from 5 to 80 years 
of age, with a mean age in the late 
30s.”* Untreated, this syndrome car- 
ries a poor prognosis.‘ Recently, 
Gleich et alf described a distinctive 
syndrome in four patients with epi- 
sodic angioneurotic edema and eosino- 
philia showing a favorable long-term 
course. The patient reported herein 
had clinical, laboratory, and histopath- 
ologic findings consistent with this 
syndrome, thus documenting the 
onset of this illness in childhood. 


PATIENT REPORT 


The patient, a 24-year-old girl, was ini- 
tially seen in June 1984 with a three-month 
history of recurrent angioneurotic edema 
and marked eosinophilia. Each episode be- 
gan with the appearance of pruritic papules 
on the trunk and extremities, followed by 
the development over 48 hours of diffuse, 
nonpitting edema of the face, trunk, and 
extremities. Malaise, a fever of 39.4 °C 
(103 °F), and acute weight gains of up to 20% 
over baseline were also noted. Spontaneous 
resolution occurred ten days after the on- 
set. Her appearance and activity level re- 
turned to normal during the three to four 
weeks between attacks. Evaluation during 
the initial episode revealed a markedly 
increased white blood cell (WBC) count of 
44,100/cu mm with 39% eosinophils. Three 
stool cultures for ova and parasites were 
negative, as was Toxocara serology (Cen- 
ters for Disease Control, Atlanta). Follow- 
ing resolution of the swelling, the WBC 
elevation persisted at 15,200/cu mm with 
45% eosinophils. The second episode oc- 
curred four weeks later and was associated 
with cough and an interstitial infiltrate that 
was noted ona chest roentgenogram. Three 
repeated stool cultures for parasites were 
negative. The patient was treated empir- 
ically with thiabendazole pamoate without 
obvious benefit. 

There were no gastrointestinal tract, 
joint, or ocular symptoms noted with the 
episodes, and the patient’s dietary history 
did not suggest an association of the condi- 
tions with foods, although shellfish were 
frequently consumed. The child’s medical 


history did not reveal any problems with 
asthma or allergic rhinitis. Her family his- 
tory did not include autoimmune, malig- 
nant, hematologic, or eosinophilic diseases, 
but it did include atopic diseases in first- 
degree relatives. Both parents were librar- 
ians, and the family lived in a coastal New 
England community with two cats and a 
dog. The family had not traveled outside of 
New England. 


RESULTS 
Results of physical examination 


were normal except for extreme non- 
pitting edema of the face (Fig 1) and 
extremities, as well as general irri- 
tability. Small 2- to 4-mm-wide pa- 
pules were present on the trunk and 
extremities, and clear vesicles were 
noted on the palms and soles. There 
was no pressure-induced urticaria or 
dermatographism. Results of ophthal- 
moscopie (including indirect fundus- 
copy), chest, cardiac, and abdominal 
examinations were normal. There was 
no evidence of arthritis or of advanced 
sexual development. 

Results of laboratory studies were 
as follows: hemoglobin, 11.4 g/dL; 
WBC count, 52,100/ceu mm with 62% 
eosinophils; and erythrocyte sedimen- 
tation rate, 16 mm/hr. A bone marrow 
biopsy specimen showed increased 
eosinophil precursors without evi- 
dence of leukemia. The chromosomal 
analysis was 46XX. Three stool cul- 
tures for ova and parasites, as well as 
Toxocara serology, were negative. The 
patient’s blood was group B, Rh+, 
with an anti-A titer of 1:4; no anti- 
nuclear antibodies were detected. Re- 
sults of complement studies obtained 
during an acute episode showed a nor- 
mal C4 level of 80 mg/dL (normal 
range, 25 to 175 mg/dL), a normal 
total hemolytic complement (CH50) 
level of 40 units (normal mean, 35 
units), and a normal Cl-esterase inhib- 
itor level of 53 mg/dL (normal range, 
44 to 117 mg/dL). The level of C3 was 
slightly elevated at 208 mg/dL (normal 
range, 100 to 200 mg/dL), and there 
was no evidence of C3 conversion prod- 
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Fig 1.—Facial angioneurotic edema during acute and convalescent phases. During acute 
episodes there was marked facial and periorbital swelling (left) with resolution between 


episodes (right). 


ucts in serum or on red blood cells. 
Levels of IgG and IgA were normal, 
but the levels of IgM and IgE were 
increased at 208 mg/dL (normal range, 
30 to 120 mg/dL) and 154 units/mL 
(normal value, <30 units/mL), respec- 
tively. Immediate prick skin tests to 40 
common inhalant antigens including 
Aspergillus, Alternaria, and several 
other molds, as well as shellfish, were 
all negative, as were delayed skin tests 
to tetanus toxoid and Candida. 

Additional normal results of labora- 
tory studies obtained during acute ex- 
acerbations of edema included roent- 
genograms of the chest, skull, and long 
bones; electrocardiogram; echocardio- 
gram; urinary analysis of histamine 
levels; and serum analysis of renal and 
hepatic function. 

Because of the cyclic episodes occur- 
ring every 28 to 32 days, evaluation for 
evidence of abnormal estrogen secre- 
tion was performed. The findings indi- 
cated prepubertal levels of estradiol 
(<10 ng/mL). 

Two skin biopsy specimens, one 
from an area of angioneurotic edema 
and one from a papule, showed separa- 
tion of collagen bundles by edema and 
perivenular lymphocytic infiltration. 
The papule also showed scattered eo- 
sinophils in the dermis. Immuno- 
fluorescent staining for eosinophil ma- 
jor basic protein’ revealed bright 
extracellular fluorescence between 
collagen bundles and in extracellular 
granules, as well as a few scattered 
eosinophils (Fig 2) similar to those 
seen in the previous patients with epi- 
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sodic angioneurotic edema described 
by Gleich et al.’ 

Results of follow-up studies six 
months later during an asymptomatic 
interval revealed persistent ecsino- 
philia (WBC count, 7,400/cu mm with 
44% eosinophils), normal acute-phase 
reactants, and a persistent increase of 
the IgM level (187 mg/dL). Results of 
cardiac evaluation, including an elec- 
trocardiogram and echocardiogram, 
were again normal. Results of T-cell 
studies showed normalin vitro antigen 
(tetanus, diphtheria) and mitogen 
(phytohemagglutinin, pokeweed) re- 
sponses in spite of persistently nega- 
tive delayed skin tests to the tetanus 
toxoid antigen. T-cell subsets revealed 
values of T4 helper cells and T8 sup- 
pressor cells of 388% (normal range, 
35% to 60%) and 23% (normal range, 
18% to 38%), respectively; however, 
the helper cells were abnormally acti- 
vated with 32% of the T4 cells express- 
ing the HLA-DR activation antigen 
(normal value, <2%). 

On two occasions the patient was 
treated with oral prednisone acetate 
(10 mg given twice a day for four cays), 


and she experienced significant im- ` 


provement within 12 hours and resolu- 
tion of the angioneurotic edema over 
the next four days. Following the first 
course of prednisone we documented a 
decrease in total eosinophil count from 
32,240 to 6,150 eosinophils/cu mm. She 
otherwise has continued to have eosin- 
ophilia that markedly increases during 
the monthly episodes of angionetrotic 
edema (Fig 3). There has been no evi- 


Fig 2.—Immunofluorescence localization of 
eosinophil granule major basic protein in 
skin. Top, Biopsy specimens of papule ob- 
tained during acute episode shows bright 
extracellular fluorescence of major basic 
protein in granules and between collagen 
bundles, with few intact eosinophils in der- 
mis (x400). Center, Hematoxylin-eosin 
counterstain of tissue reaction in same bi- 
opsy specimen shows edema and scanty 
mononuclear cell infiltrate in dermis. Bot- 
tom, Negative control section was obtained 
from same biopsy specimen, treated with 
normal rabbit IgG instead of anti—major 
basic protein, showing only faint nonspe- 
cific background fluorescence and no spe- 
cific staining. 


dence of progressive disease or vis- 
ceral organ dysfunction. 
COMMENT 
This young girl’s clinical findings, 
benign course, and immunofluorescent 
staining pattern of skin biopsy spec- 
imens are consistent with the syn- 
drome of episodic angioneurotic edema 
and hypereosinophilia recently de- 
scribed by Gleich et al.° The clinical 
and epidemiologic histories and diag- 
nostic tests were not compatible with 
other causes of eosinophilia,’ such as 
parasitic diseases, an episodic hyper- 
sensitivity reaction to food or environ- 


Hypereosinophilia—Katzen etal 63 








Absolute Eosinophil Count, x 10° 





6/84 


Weight, kg 


7/84 


Month/Year 


Fig 3.—Variation in eosinophil count and weight with monthly episodes. Eosinophil count 
(solid line) and weight (broken line) increased during acute episodes (closed circles) and 
decreased during convalescence (open circles). During convalescence eosinophil counts 
remained persistently elevated. Shaded horizontal bar indicates normal eosinophil range. 


mental exposure, malignancy, or con- 
nective tissue disease. Similar to the 
levels in previously reported patients,” 
her serum IgM level was also in- 
creased. Because of a recent report of 
hormonally mediated recurrent ana- 
phylaxis,* we looked for evidence of 
cyclical estrogen secretion. Results of 
the studies revealed no abnormal es- 
trogen production during acute or con- 
valescent phases. With the exception 
of tissue-invasive metazoal parasitic 
diseases, rarely are these other en- 
tities associated with this extreme de- 
gree of eosinophilia. 

The idiopathic HES is defined as a 
persistent eosinophilia (>1,500/cu mm) 
for at least six months, absence of an 
identifiable etiology for eosinophilia, 
and evidence of organ dysfunction ei- 
ther directly related to the eosino- 
philia or unexplained in the clinical 
setting.** It occurs predominantly in 
middle-aged persons (mean age, 36 
years) and can be associated with in- 
volvement of multiple organs, of which 
the most significant are the cardiac 
and pulmonary systems. Dermatologic 
findings are common. In one large 
series half of the patients showed pa- 
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pular cutaneous eruptions. Ten per- 
cent of these patients had angioneu- 
rotic edema, and this finding was 
associated with a favorable response to 
corticosteroid therapy.’ 

In contrast to the HES, the patients 
reported by Gleich et al’ were younger 
at age of onset (4, 7, 16, and 28 years of 
age) and had no evidence of visceral 
organ involvement even after many 
years of disease (five to 37 years of 
follow-up). Alternate-day corticoster- 
oid therapy was required to control 
attacks in one of these patients, and 
frequent pulses of steroids (every two 
to four weeks) were required in two 
more patients. Patients with this syn- 
drome have probably been included 
with reports of the HES in the past. 
Indeed, the only child with HES re- 
ported in the patients initially de- 
scribed from the National Institutes of 
Health’ was a 10-year-old boy with a 
five-year history of attacks of fever, 
angioneurotic edema, malaise, and eo- 
sinophilie leukocytosis; he required 
alternate-day corticosteroid therapy 
to decrease the frequency of episodes 
and daily steroids to shorten the dura- 
tion of attacks once developed. 


Although the etiology of this syn- 
drome is still obscure, evidence sug- 
gests a major pathogenetic role for the 
eosinophilia. The symptoms vary in 
concert with the degree of eosin- 
ophilia, and the pathology shows 
evidence of dermal eosinophilic infil- 
tration and major basic protein deposi- 
tion. Major basic protein has been 
shown to induce a wheal-and-flare re- 
sponse in normal subjects.’ Of interest 
was the finding of in vivo activation of 
helper T cells in our patient. T-cell 
products are known to play an impor- 
tant role in the regulation of eosinophil 
maturation” and might therefore pro- 
vide an important clue to the patho- 
genesis of this syndrome. 

To our knowledge this girl is the 
youngest reported patient with this 
syndrome. Its age of onset appears to 
be primarily in the pediatric years. Its 
recognition is important because of the 
favorable prognosis and rapid re- 
sponse to corticosteroid therapy. 
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Neutrophil Agglutinins in Idiopathic Chronic 
Neutropenia of Karly Childhood 


Rafael Ducos, MD; Prema R. Madyastha, PhD; Raj P. Warrier, MD; Armand B. Glassman, MD; L. Reed Shirley, MD 


è Twelve patients with chronic neu- 
tropenia, ranging in age from 7 to 27 
months, were studied for circulating 
antineutrophil autoantibodies. Absolute 
neutrophil counts ranged from 0 to 
500/cu mm. None of the patients was 
transfused or had a history of prior drug 
ingestion. Edetic acid—microagglutina- 
tion was employed to detect leukocyte 
antibodies. Sera from six of 12 patients 
contained antineutrophil antibodies, 
four reacting with neutrophils from the 
father and two from the mother. Patient 
sera also reacted with neutrophils of 
several unrelated normal volunteers. 
Four of the six patient sera with anti- 
neutrophil antibodies also reacted with 
autologous neutrophils. The duration of 
neutropenia was seven months in one 
patient with antibody whose neutro- 
penia resolved. Patients with neutrophil 
autoantibody did not clinically differ 
from those without demonstrable anti- 
body. The coexistent fall in leukoaggluti- 
nin titer and rise in neutrophil counts in 
one patient suggested an etiologic role 
for this antibody. Detection and proper 
diagnosis have important therapeutic 
implications. 

(AJDC 1986;140:65-68) 


legate may be seen in differ- 
ent childhood illnesses, but in 
many cases its etiology remains ob- 
scure. Immune-mediated neutropenia 
was first documented in the newborn 
period.’ Immunologic mechanisms 
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also have been implicated in chronic 
neutropenia. Idiopathic autoimmune 
neutropenia (AIN) in childhood sec- 
ondary to specific antineutrophil anti- 
bodies was reported by Lalezari et al’ 
and Nepo et al.* Analogous to autoim- 
mune hemolytic anemia, in AIN, auto- 
antibodies are directed against the 
neutrophil antigens defined by alloan- 
tibodies. Several isolated cases of AIN 
have been reported in subsequent 
years** and, in a few instances, the 
antibody specificity identified. How- 
ever, the incidence of antineutrophil 
antibodies in chronic neutropenia is 
not known. In the past four years, we 
have systematically evaluated infants 
and children less than 2⁄2 years of age 
for antineutrophil antibodies. The 
present report is the joint communica- 
tion involving 12 patients referred to 
Louisiana State University Medical 
Center, New Orleans, and the Medical 
University of South Carolina (MUSC), 
Charleston, in evaluation of chronic 
neutropenia. Using a modified reu- 
trophil isolation technique and an 
edetic acid—microagglutination assay, 
we found antineutrophil antibodies in 
six of 12 patients studied. 


PATIENTS AND METHODS 
Patients 


Over a period of four years, six consecu- 
tive patients seen at Louisiana State Uni- 
versity Medical Center and six patients 
seen at or referred for antibody testing to 
MUSC were studied. Of these latter six 
patients, four were from the Department of 
Pediatrics at MUSC and the remaining two 
were referred from other institutions. In- 
clusion criteria were an absolute neutraphil 
count (ANC) less than 500/cu mm for more 
than six to eight weeks, no history of drug 
ingestion or blood transfusion, absence of 
dysmorphic features, no growth failure or 
organomegaly, normal immunoglobulin lev- 
els, and a negative antinuclear antisody 
test reaction. Bone marrow was examined 
in 11 of the 12 patients. 


Protocol 


Patient sera were tested for neutrophil 
antibodies using patient, parental, and un- 
related normal donor neutrophils. Neu- 
trophil antibody tests were performed in 
the Department of Laboratory Medicine at 
MUSC. Samples from other institutions 
were sent to MUSC by commercial express 
mail at room temperature and analyzed 
within 24 to 36 hours of collection. 

This project was approved by the Institu- 
tional Review Board for Human Research 
at MUSC. 


Laboratory Methods 


Neutrophils were isolated at room tem- 
perature from blood collected in edetic acid 
by Ficoll-Hypaque (FH) double-density 
gradient centrifugation, as developed by 
English and Anderson’ and further modi- 
fied by Madyastha et al.” Ficoll-Hypaque 
double-density gradient solutions consist- 
ing of a heavier gradient (FH-H) (specific 
gravity 1.12) and a lighter gradient (FH-L) 
(specific gravity 1.077) were prepared. 
Methyleellulose-15 (1% solution) was mixed 
with blood in the proportion of 2.5 mL of 
methylcellulose to 10 mL of blood and cen- 
trifuged lightly at 30 g for seven to ten 
minutes. This facilitated the sedimentation 
of the bulk of the erythrocytes, leaving 
the white blood cells in the supernatant 
plasma. This leukocyte-rich plasma (LRP) 
was separated and kept in a plastic tube 
(16 x 100 mm) for subsequent layering. Ina 
15-mL graduated plastic centrifuge tube, 
3 mL of FH-H was taken and 3 mL of FH-L 
was overlayered on top of FH-H. The LRP 
obtained from 10 mL of blood was further 
overlayered on top of FH-L. While over- 
layering the gradients or LRP, we took care 
not to disturb the solutions already lay- 
ered. The gradients thus prepared were 
centrifuged at 1,650 g for 20 to 30 minutes. 
The first layer, consisting of platelets and 
lymphocytes, was discarded. The second 
layer, consisting of neutrophils at the inter- 
face of the two FH gradients, was carefully 
aspirated, washed two times with edetic 
acid—phosphate-buffered saline and used in 
the microagglutination assay at a concen- 
tration of 3 to 5x10° cells per milliliter 
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1T/W/M/13 
2/W/M/7 


3/B/M/9 
4/W/F/27 
5/W/F/8 


6/W/M/8 
7/B/F/12 


8/W/F/9 
9/W/M/11 


10/W/M/10 


11/W/F/16 


12/W/F/19 


Recovered 
Neutropenic 


Neutropenic 
Neutropenic 
Recovered 


Neutropenic 
Neutropenic 


Recovered 
Not available 


Neutropenic 


Neutropenic 


Recovered 





Mild diarrhea, URI 


Pneumonia, Pseudomonas 
abscess, URI 

Otitis media, gingival 
abscess 

Stomatitis, streptococcal 
pharyngitis 

Infectious mononucleosis, 
URI 

URI, pneumonia 

Otitis, gingivitis, 
pharyngitis 

Fever, rash, viral infection 

Oral and perianal 
candidiasis, recurrent 
ear infection, otitis 

Gingival hyperemia, otitis, 
oral ulcerations, 
pneumonia 


Viral pneumonitis, fever, 
diarrhea 


Otitis 


Positive 
Positive 


Positive 
Negative 


Negative 


Negative 
Positive 


Negative 
Negative 


Positive 


Positive 


Negative 


*Red blood cells, platelets, and lymphocytes were within the normal range in all these patients. Bone marrow examination, performed in 11 of 12 patients, 
revealed normal myeloid maturation up to band forms with significant decrease in mature polymorphonuclear lymphocytes. 
tin patient 1, the initial sera (neutropenic phase) resulted in strong agglutination, while no reactivity was observed with sera obtained after recovery 


(Table 3). 


URI indicates upper respiratory tract infection. 


Table 2.—Serologic Reactivity of 
Patient Sera With Parental, 
Unrelated Donor, 
and Autologous Neutrophils 


Agglutination With 
Neutrophilst 







8 S 
Patient* Father Mother Infant Donort 





*The sera from the patients were obtained at 
the time of initial diagnosis, at which time the 
patients had severe neutropenia. Parents’ sera, 
AB serum, and edetic acid—buffer gave negative 
reactions, whereas a rabbit antihuman granulo- 
cyte serum gave strong agglutination with all the 
cells tested. 

tThe antibody titer of different sera varied 
between 1:4 to 1:32, with strong 4+ (maximum 
agglutination) reactivity in undiluted and 1:2 dilu- 
tions of the sera. However, there were no day-to- 
day variations in the end point of the assay. Plus 
sign indicates positive agglutination; minus sign, 
negative agglutination; NA, not available. 

Different donor cells reacted differently with 
the patients sera. 
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suspended in edetic acid—phosphate-buf- 
fered saline. The purity and viability were 
95% to 98%. 

The patient sera were heat inactivated 
(56 °C for 20 minutes) and measured in 
50-uL aliquots. After testing, the re- 
mainder of the sera were stored at — 80 °C 
for subsequent use. An edetic acid—micro- 
agglutination assay, as developed by Jiang 
and Lalezari and modified by us, was 
employed to test the sera against neu- 
trophils. In brief, 2 uL of serial sera dilu- 
tions (undiluted to 1:32) were mixed with 
equal volumes of neutrophil suspensions in 
the wells of the tissue-typing microplates 
prefilled with 2 uL of paraffin oil. Plates 
were incubated at room temperature for six 
to eight hours and 18 hours, and the degree 
of agglutination was noted. The plates were 
also examined after two hours for aggluti- 
nation in wells containing undiluted sera 
since longer incubation was often associ- 
ated with cellular disintegration. Test cells 
included neutrophils from the patient, fa- 
ther, mother, and unrelated donors, and the 
test sera/reagents included sera from the 
patients, their parents, AB serum, edetic 
acid—buffer (medium), and rabbit anti- 
human granulocyte serum. 


RESULTS 


Table 1 represents the clinical find- 
ings of the 12 patients studied. There 


were six boys and six girls. Six of the 12 
had antineutrophil antibodies de- 
tected in their sera. In spite of ANCs 
less than 500/cu mm, these patients 
did not have severe infectious compli- 
cations. The six positive cases com- 
prised four male and two female pa- 
tients. In one patient with leukoag- 
glutinins and spontaneous recovery to 
date, neutropenia lasted for seven 
months. Other than courses of antibi- 
otics, in most cases (11/12) no specific 
treatment was given. One child (pa- 
tient 10) was treated with high-dose 
intravenous y-globulin. There were 
no clinical differences between those 
patients with antineutrophil anti- 
bodies and those in whom none was 
detectable. In all patients, ANC at 
the time of diagnosis ranged from 0 to 
500/cu mm. All patients studied dem- 
onstrated normal myeloid maturation 
but, in most, polymorphonuclear neu- 
trophils were decreased. Table 2 sum- 
marizes the serologic findings of these 
patients. Of the six with detectable 
neutrophil antibodies, the patient sera 
agglutinated maternal neutrophils in 
two and paternal neutrophils in four. 
The sera from the parents did not 
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Table 3.—Reactivity of Patient's Sera During Neutropenia and 
After Recovery With Autologous and Father's Neutrophils 


Agglutination Titer With Neutrophils 


Patient 1 


Patient’s Sera 


During neutropenia 
After recovery 


ANC/cu mm 


10 11 12 13 17 


20 21 


Age, mo 


During Neutropenia 








After Recovery Father of Patient 1 


19411 Ápoqnuy |iydouney 


24 30 33 36 


Relationship between circulating antineutrophil autoantibody and absolute neutrophil 
counts (ANCs) in patient 1. Solid bars represent neutrophil antibody titer; and continuous line 
connected by solid circles, absolute neutrophil counts. Except for initial diagnos s, ag- 
glutination assay was done without knowledge of patient's clinical condition. UD indicates 


undetermined. 


agglutinate any of the cells tested. The 
infants’ sera also agglutinated neutro- 
phils obtained from several unrelated 
normal donors, but the reaction pat- 
tern with donors’ cells was different 
with different sera. We were able to 
isolate neutrophils from those patients 
with an ANC of 450/cu mm and above; 
in these instances, the sera obtained at 
the time of initial diagnosis were 
tested against autologous cells. Where 
one of the parental neutrophils was 
reactive, the patient’s autologous cells 
were also reactive. In the patient 
whose neutropenia resolved, we re- 
tested the sera obtained at diagnosis 
against their own neutrophils isolated 
after recovery (Table 3). The initial 
sera resulted in strong agglutination, 
while no reactivity was observed with 
sera obtained after recovery. That ab- 
sorption of the sera with red blood 
cells, lymphocytes, or platelets did not 
change the activity further revealed 
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that the antibody was directed against 
neutrophils. The neutrophil antibody 
specificity of the two patient sera eval- 
uated included Nal in one and Na2 in 
another. Serial determinations of anti- 
body activity was possible in one pa- 
tient (No. 1, Table 1). The Figure 
shows the degree of agglutination and 
titer studied four times over a period 
of 33 months. At the time of reccvery, 
the agglutination reaction was less in- 
tense, with a consistent correlation 
between neutrophil antibody titer and 
peripheral neutrophil counts. 


COMMENT 


The clinical and hematologic picture 
of the children we have described is 
compatible with chronic granulocyto- 
penia of childhood.” All had prolonged 
neutropenia with ANCs less than 
500/cu mm, and in no instance was 
there cyclic variation. None had a phe- 


notype compatible with cartilage-hair 
hypoplasia or had chronic diarrhea, as 
seen in Schwachman syndrome. Nor- 
mal serum immunoglobulin concentra- 
tion and absent antinuclear antibodies 
indicated that neither the hyper-IgM 
syndrome nor systemic lupus erythe- 
matosus could explain their neutro- 
penia.” The bone marrow examination 
eliminated early aplastic anemia or 
leukemic reactions. All marrow sam- 
ples studied revealed normal cellu- 
larity with maturation arrest of the 
myeloid series, as seen in chronic gran- 
ulocytopenia of childhood. In the one 
patient in whom bone marrow cultures 
were performed, there were decreased 
colony-forming units. Previous studies 
of bone marrow culture in this syn- 
drome have shown variable patterns, 
including abnormal cell proliferation 
and normal numbers of morphologi- 
cally dysmature cells. *” Epinephrine 
or steroid stimulation, done in the ma- 
jority of our patients, did not show a 
specific pattern of response. 

The possibility of an immune mecha- 
nism as the cause of chronic granulocy- 
topenia of childhood was first dis- 
cussed by Zuelzer and Bajoghli in 
1964. Those authors suggested that 
the observed lack of segmented circu- 
lating neutrophils was caused by their 
antibody-mediated destruction. With 
the advent of reliable, immunologic 
assays, the role of neutrophil autoan- 
tibody in chronic neutropenia was fur- 
ther documented. In the present com- 
munication, we have shown that six of 
12 nontransfused children less than 2% 
years of age with chronic neutropenia 
had neutrophil agglutinins in their cir- 
culation, as determined by edetic acid- 
microagglutination assay. One of us 
previously had described an infant 
with AIN caused by neutrophil auto- 
antibody with anti-NA1 specificity in 
whom a spontaneous recovery and rise 
in neutrophil counts were observed, 
with a concomitant disappearance of 
antibody in the patient’s circulation.® A 
similar correlation between antineu- 
trophil autoantibody and peripheral 
neutrophil counts has been observed 
by others." among infants with 
AIN. Thus, the disappearance of these 
antibodies in those patients with spon- 
taneous resolution of their neutro- 
penia, and persistence of antibody in 
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those with continuing neutropenia, in- 
criminates this antibody as causative. 
Although we have not completed defi- 
nition of neutrophil antibody speci- 
ficity in four patients, the fact that 
their serum reacted with a parental 
neutrophil preparation and with neu- 
trophils from unrelated donors sug- 
gests that the antibodies detected 
were specific for a common antigen 
shared by them. Neutrophils contain 
several neutrophil-specific antigens on 
their cell surfaces, and they are poly- 
morphic. Thus, the neutrophil antigen 
phenotype of one donor is different 
from that of another. The differential 
reactivity of the sera with the donor 
cells indicates that each serum may 
have contained different neutrophil 
antibody specificity and therefore re- 
acted with the donor cells whenever 
they contained the reactive antigen. 
Our finding is compatible with previ- 
ously published reports of AIN.* 
There were no apparent clinical dif- 
ferences between those six patients 
with detectable antibodies and those 
six with neutropenia and no leukoag- 
glutinins. In this latter group, lower 
titers of antibody (not detected by an 
agglutination reaction) may have re- 
sulted in neutropenia through com- 
plement-mediated cytotoxicity,” op- 
sonization,’ or cellular immune mecha- 
nisms." However, McCullough et al” 
recently compared different methods 
for detecting leukocyte antibodies in 
two patients with AIN and reported 
that antibodies detected by granulo- 
cyte agglutination were clinically sig- 
nificant with neutropenia, whereas 
the results of testing with granulocyte 
cytotoxicity and the staphylococcal 
protein A assay to detect cell-bound 
IgG were not. Although our patients, 
like most others with this illness, have 
to date had a benign course, serious 
infections remain possible. If such 
were to occur, one would potentially 
either infuse leukocytes from a donor 
whose cells were not reactive with the 
patient’s serum or, alternatively, at- 
tempt high-dose intravenous therapy 
with immune globulin. High-dose in- 
travenous IgG therapy has proved ef- 
fective in raising the platelet count in 
children with idiopathic thrombocyto- 
penic purpura. The mechanism of ac- 
tion is still unclear, but reticuloen- 
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dothelial system Fe receptor blockade 
may play a role.” The same treatment 
has already been used in a few patients 
with antibody-mediated neutropenia, 
with encouraging results.” More pa- 
tients must be treated before any con- 
clusions can be reached about its true 
effectiveness. At any rate, a proper 
diagnosis of the cause of neutropenia 
may have therapeutic implications. 

In addition, there may be dif- 
ferences in natural history of the 
neutropenia, depending on pathophys- 
iologic mechanisms. The clinical cor- 
relation of the antineutrophil anti- 
bodies and neutropenia needs further 
investigation, That two patients (one 
in the present series and the other 
described previously*) showed a de- 
crease of the antibody titers at the 
same time that neutrophil counts rose 
is notable. These patients now have 
normal neutrophil counts, and their 
sera are devoid of antibody activity. In 
vivo studies of granulocyte turnover in 
the presence of antineutrophil anti- 
bodies are clearly necessary. Using 
indium 111-labeled granulocyte infu- 
sions, McCullough et al” have studied 
granulocyte half-life in the presence of 
neutrophil antibodies. The antibodies 
studied included agglutinins, cytotox- 
ins, and HLA lymphocytotoxins. In 
three of their patients with agglutinat- 
ing antibodies, intravascular recovery 
and half-life of granulocytes were re- 
duced through hepatic sequestration. 
As AIN is identified with increasing 
frequency through the advent of im- 
proved and sensitive serologic tech- 
nique, a clear understanding of the 
various mechanisms of immune de- 
struction and their clinical significance 
should be forthcoming. 


This investigation was supported in part by a 
two-year extramural grant from the Blood Sys- 
tem, Inc, Scottsdale, Ariz, and intramural sup- 
port from the Institutional Biomedical Research 
Funds, MUSC, to Dr Madyastha. 

We also appreciate Donna U. Linder, MD, and 
Floyd Buras, New Orleans; Bernard Fruge, MD, 
Lafayette, La; Gerald A. Ballanco, MD, Me- 
tairie, La; T. G. Quattlebaum, MD, Pediatric 
Primary Care Unit, Medical University of South 
Carolina, Charleston; and A. R. Chauvenet, MD, 
Bowman Gray School of Medicine, Winston- 
Salem, NC, for referring patients for antibody 
testing and providing clinical details. 

Mary Jane Todd, Children’s Hospital, New 
Orleans, and Phyllis Roidt and Cheryl Gibson, 
MUSC, gave technical assistance. Joanne Gibbs 
typed the manuscript. Jim Burkette assisted in 
photography at MUSC. 


References 


1. Lalezari P, Nussbaum S, Gelman §, et al: 
Neonatal neutropenia due to maternal isoim- 
munization. Blood 1960;15:236-243. 

2. Lalezari P, Jiang AF, Yegen L, et al: 
Chronic autoimmune neutropenia due to anti- 
NA2 antibody. N Engl J Med 1975;293:744-747. 

3. Nepo AG, Gunay V, Boxer LA, et al: Auto- 
immune neutropenia in an infant. J Pediatr 1975; 
87:251-254. 

4. Madyastha PR, Fudenberg HH, Glassman 
AB, et al: Autoimmune neutropenia in early 
infancy. Ann Clin Lab Sci 1982;12:356-367. 

5. Valbonesi M, Campelli A, Marazzi MG, et al: 
Chronic autoimmune neutropenia due to anti- 
NA1 antibody. Vow Sang 1979;36:9-12. 

6. Priest JR, Clay ME, McCullough J, et al: 
Transient autoimmune neutropenia due to anti- 
NA1 antibody. J Pediatr Hematol Oncol 1980;2: 
195-199. 

7. Sabbe LJM, Class FHJ, Langerak J, et al: 
Group specific autoimmune antibodies directed 
to granulocytes as a cause of chronic benign 
neutropenia in infants. Acta Hematol 1982;68: 
20-27. 

8. Madyastha PR, Kyong CV, Darby CP, et al: 
Role of neutrophil antigen NA1 in an infant with 
autoimmune neutropenia. AJDC 1982;136: 
718-721. 

9. English D, Anderson BR: Single-step sepa- 
ration of red blood cells, granulocytes and mono- 
nuclear leukocytes on discontinuous density gra- 
dients of Ficoll-Hypaque. J Immunol Methods 
1974;5:249-252. 

10. Madyastha P, Madyastha K, Wade T, et al: 
An improved method for rapid layering of Ficoll- 
Hypaque double density gradients suitable for 
granulocyte separation. J Immunol Methods 
1982;48:281-286. 

11. Jiang AF, Lalezari P: A microtechnique for 
the detection of leukocyte agglutinins. J Immu- 
nol Methods 1975;7:103-108. 

12. Miller DR, Baehner RC, McMillan CW: 
Blood Diseases of Infancy and Childhood, ed 5. 
St Louis, CV Mosby Co, 1984, p 497. 

13. Weetman RM, Boxer LA: Childhood neu- 
tropenia. Pediatr Clin North Am 1980;29: 
361-375. 

14. Greenberg PL, Schrier SL: Granulopoieis 
in neutropenic disorders. Blood 1973;41:753-769. 

15. Senn JS, Messner HA, Stanley ER: Analy- 
sis of interacting cell populations in cultures of 
marrow from patients with neutropenia. Blood 
1974;44:33-40. 

16. Zuelzer WW, Bajoghli M: Chronic granu- 
locytopenia in childhood. Blood 1964;23:359-374. 

17. Thompson JS, Overlin VL, Herbick JM, 
et al: New granulocyte antigens demonstrated by 
microgranulocytotoxicity assay. J Clin Invest 
1980;65:1431-1439. 

18. Abdou N, NaPombejara C, Balentine L, 
et al: Suppressor cell mediated neutropenia in 
Felty’s syndrome. J Clin Invest 1978;61:738-7438. 

19. McCullough J, Clay ME, Priest JR, et al: A 
comparison of methods for detecting leukocyte 
antibodies in autoimmune neutropenia. Trans- 
fusion 1981;21:483-492. 

20. Bussel J, Schulman I, Hilgartner M, et al: 
Intravenous use of y-globulin in the treatment of 
chronic immune thrombocytopenic purpura as a 
means to defer splenectomy. J Pediatr 1983;103: 
651-654. 

21. Bussel J, Lalezari P, Hilgartner M, et al: 
Reversal of neutropenia with intravenous y-glob- 
ulin in autoimmune neutropenia of infancy. Blood 
1983 ;62:398-400. 

22. McCullough J, Weiblen BJ, Clay ME, et al: 
Effect of leukocyte antibodies on the fate of in 
vivo indium™ labeled granulocytes. Blood 1981; 
58:164-170. 


Chronic Neutropenia—Ducos et al 


Experience With a Totally Implantable 
Venous Device in Children 


Charles H. Pegelow, MD; Mary Narvaez, BSN, PNP; Stuart R. Toledano, MD; 
Joanna Davis, MD; Claudio Oiticica, MD; Donald Buckner, MD 


è Venous access was attained in 15 
children by use of a totally implantable 
central venous catheter and reservoir. 
Catheters were in place from 28 to 581 
days, giving a cumulative experience of 
4,094 days. Although they were well ac- 
cepted by physicians, parents, and the 
children, they were not without major 
complications. These included extrava- 
sation of a chemotherapeutic agent in 
one, migration of the catheter tip to an 
unacceptable location in another, and 
catheter thrombosis and catheter-re- 
lated sepsis in two each. The malposi- 
tioned catheter, one of the thrombosed 
catheters, and both infected catheters 
were removed. Ease of care, freedom 
from protruding tubing, and compatibil- 
ity with normal activities are major 
positive features of the implantable de- 
vices that should be considered when 
deciding on the type of prolonged cen- 
tral venous access for use in children 
being treated with cancer. 

(AJDC 1986;140:69-71) 


he increasing complexity of cancer 
chemotherapy, with its heavy reli- 
ance on intravenous agents, creates a 
need for readily available venous ac- 
cess. This presents a particular prob- 
lem when treating young children. 
Percutaneous devices such as Hick- 
man and Broviac catheters have been 
shown to provide stable access but 
with a major number of complications 
due primarily to their protrusion 
through the skin. Recently, there 
have been reports of experience with 
the use of totally implantable devices 
in adults*® and children. We report 
herein an experience with the use of 
such a device in a pediatric population. 
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PATIENTS AND METHODS 

Fifteen children, ranging in age rom 1 
year 10 months to 15 years 3 months, have 
had 16 indwelling venous access devices 
(Infusaport) placed (Table). This device 
was arbitrarily chosen and used exclusively 
to avoid problems attendant to placement 
and management of several slightly differ- 
ent designs. We make no statement regard- 
ing the relative merits of the several avail- 
able implantable devices, 

Three of the children had leukemia and 
the rest solid tumors. Absolute neutrophil 
counts were above 1,000/cu mm at the time 
of placement in all but one child, and zll had 
adequate platelet counts and normal coag- 
ulation test values. Five children have died 
of progression of their underlying disease. 
Three devices were removed, with one re- 
placed. General anesthesia was recuired 
for both placement and removal. At pres- 
ent, seven are in place and have been func- 
tioning for 225 to 581 days. 

The site of implantation was the infra- 
clavicular area in 13, lower thoracic in one, 
and the abdominal wall in two. The lower 
thoracic site was chosen for cosmetie rea- 
sons in two children, and the abdominal 
sites because it was thought there would be 
insufficient space in the subcutaneous tis- 
sues for the device in a smaller child. Sub- 
sequently, all devices have been placed in 
the infraelavicular area without problem in 
even the youngest children. 

The catheter was inserted into the sub- 
clavian or jugular vein in those with thor- 
acic placement and the femoral veins in the 
two abdominal implantations. The reser- 
voirs were sutured into the subcutaneous 
pocket as directed by the manufacturer. 
Heparinized saline, 10 units/mL, wes in- 
stilled at the time of surgery; the devices 
were not entered for ten days, a local 
practice, perhaps excessively cautious, to 
allow a degree of wound healing before the 
possible introduction of pathogens via the 
skin puncture. If it was mandatory that 
intravenous therapy be started at once 
through the device, the Huber needle was 
placed in the operating room as part cf the 





procedure, and infusions during the post- 
operative period were accomplished 
through this needle. No specific problems 
were encountered with surgical placement 
except for a postoperative seroma that per- 
sisted for one month in one patient. 

The devices were used for blood sam- 
pling, cancer chemotherapy, transfusions, 
and hyperalimentation. Reservoir entry 
was made only with the Huber needle, the 
construction of which decreases damage to 
the reservoir membrane. Devices were 
flushed with 5 mL of the heparinized saline 
solution after each use and at least every 
three to four weeks. Although some par- 
ents have been instructed in the technique, 
its infrequent need allows it to be done by 
clinic nurses at the time of visits made for 
therapy or reevaluation. Occasionally blood 
could not be withdrawn, but this could 
usually be overcome by having the child 
assume different positions. 


RESULTS 


In one patient, the catheter tip mi- 
grated from its correct position to the 
jugular vein. Although fluid could be 
infused, blood could not be withdrawn. 
The device was removed surgically, at 
which time it appeared that although 
the sutures anchoring the reservoir 
were intact, sufficient movement was 
possible to have allowed partial with- 
drawal of the tubing and subsequent 
migration from the superior vena cava 
to the jugular vein. A second device 
was placed in this child, and it has 
functioned without subsequent prob- 
lems. This child has had a similar cath- 
eter tip migration, which again re- 
sulted from vigorous activity. Since 
blood return was easily obtainable, we 
continued to cautiously use the device. 
Interestingly, the catheter returned to 
its original position after a particu- 
larly energetic dive into a swimming 
pool. 

Two devices became occluded by clot 
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Patient Characteristics 


Age at 


Patient Implant, yr/mo Diagnosis* 
Neuroblastoma 


Orbital 


rhabdomyosarcoma 


Hepatocarcinoma 
ANLL 

Burkitt's lymphoma 
Rhabdomyosarcoma 
Malignant teratoma 
Medulloblastoma 
Hepatocarcinoma 
Osteogenic sarcoma 
ALL 
Rhabdomyosarcoma 
Hepatoblastoma 
Neuroblastoma 
Rhabdomyosarcoma 


Access, Days 


Duration of 


Complications Outcome 


54 ass Died 
158, >105 Tip migration 


Removed 


Died 

ar Died 
Recurrent infection Removed 

Catheter occlusion Died 

Died 


Septicemia Removed 
Catheter occlusion Removed 





*ANLL indicates acute nonlymphoblastic leukemia; ALL, acute lymphoblastic leukemia. 


as a result of failure to flush with 
heparinized saline after an infusion. 
One was removed and not replaced; the 
second was left in place since the child 
was moribund. He died two days later. 

During the time these children were 
observed, only two serious infections 
were encountered. Both were septice- 
mia due to Staphylococcus aureus and 
were demonstrated to be secondary to 
colonization of the devices. Although 
control of the organisms was tempo- 
rarily achieved with antibiotics, blood 
cultures and aspirates from the sub- 
cutaneous tissues around the devices 
demonstrated recurrence in both. 
After removal of the devices, the infec- 
tions resolved promptly. Both children 
had normal leukocyte counts at the 
time of placement; the initial infection 
occurred at a time when they were not 
neutropenic. 

One episode of extravasation oc- 
curred when a needle became dis- 
lodged during a prolonged infusion of 
cisplatin. A considerable volume of 
fluid collected in the subcutaneous tis- 
sues surrounding the reservoir. This 
gradually underwent resorption with- 
out obvious tissue reaction. 

The total duration of implantation 
ranged from 28 to 581 days, with a 
cumulative experience of 4,094 days or 
11.2 patient-years. Median duration of 
implantation was 231 days and the 
mean was 256. days. Four patients have 

à 
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died of their disease, and four devices 
were removed as indicated above. In no 
case was the death related to the de- 
vice. At present, seven remain in place 
with a duration of 225 to 581 days. 


COMMENT 


Our experience demonstrates that 
totally implantable venous access de- 
vices may be used in children without 
an excessive complication rate. They 
provided stable venous access and 
were found acceptable by the patients 
and their parents. The several who had 
previously had Hickman catheters re- 
ported a strong preference for the to- 
tally implanted system. Reasons given 
were freedom from daily dressing 
changes and flushing of the catheters. 
That they are less noticeable than the 
percutaneous devices is a feature 
whose value must not be minimized in 
these children, who are already con- 
cerned about the many factors that 
make them different from their peers. 
The ability to participate in water 
sports and to bathe without need for 
attaching special waterproof coverings 
were also mentioned as positive fea- 
tures. 

Of the several complications encoun- 
tered with indwelling central venous 
catheters, infection is the most se- 
rious. Several reports have dealt with 
the occurrence of percutaneous line- 
associated infection in adult patients 


with tumors; a recent review article 
reported an overall rate of 0.14 infec- 
tions for each 100 days of Hickman 
catheter use.” Although reports in 
children are much less frequent, one 
study indicated a rate of 0.268 infec- 
tions per each 100 days of use.” Al- 
though higher, it fell within the range 
of rates reported in the former review. 

Totally implantable devices are said 
to have a much lower infection rate. In 
fact, several investigators have re- 
ported no infections in a total of 94 
patients.**** Recently, however, Bothe 
et al’ reported seven infections in 6,762 
days of catheter use, for a rate of 
0.10/100 days. We encountered three 
infections in 4,094 days, for a rate of 
0.049/100 days, indicating that a mea- 
surable infection rate exists. Confir- 
mation of the claims for a decreased 
rate of infection awaits a study directly 
comparing the two types of catheters. 

It appears that unlike reported ex- 
perience with the successful clearing 
of infections in percutaneous devices 
by the use of parenteral antibiotics,” 
implanted devices are not readily dis- 
infected. Although our experience is 
limited to two cases, we speculate that 
the structure of the implanted device 
contains a significant volume not read- 
ily exchanged during flushing—the 
so-called dead space, which may pro- 
vide a sanctuary from injected antibi- 
otics. Alternatively, our failure may be 
due to the fact that infected foreign 
bodies are difficult to sterilize with 
antibiotics. Although a course of anti- 
biotic administration can be given to 
attempt to clear the device, strong 
consideration should be given to its 
early removal and replacement if infec- 
tion recurs. 

Other, less worrisome complications 
are catheter occlusion and catheter tip 
migration. The former is frequently 
encountered in percutaneous devices 
even though they are flushed once or 
twice daily with heparinized saline so- 
lution. In the implantable device, 
which is flushed after each use or every 
three to four weeks when not in use, 
the problem has been reported 13 
times in 95 catheters. Unfortunately, 
these reports do not indicate duration 
of catheter use. Gyves et al* encoun- 
tered six occlusions in 6,378 days of 
use, for arate of 0.10 occlusions per 100 
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days of use, although only one episode 
occurred after utilization of a larger 
catheter size. We encountered two epi- 
sodes in 16 catheters, fora rate of 0.049 
per 100 days. 

The discomfort associated with skin 
puncture needed to enter the reservoir 
is a disadvantage not encountered with 
the percutaneous devices, but it is 
generally thought to be preferable to 
venipuncture. Most children reported 
that they developed a tolerance to the 
discomfort of the skin puncture, which 
has been speculated to be related to 
loss of sensation associated with multi- 
ple punctures through one local area. 
Alternatively, the tolerance may be 
abetted by the knowledge that venous 
access will be obtained with one at- 
tempt. 

Migration of the catheter tip, en- 
countered here, has been reported by 
others. Although we have not encoun- 
tered the “twiddler’s syndrome” (de- 
fined as the intentional or uninten- 
tional manipulation of indwelling 
subcutaneous devices) with our pa- 
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tients, a recent report documented a 
case where a catheter tip became dis- 
lodged as a result of such behavior.” 
Since children are naturally curious, 
they might be expected to engage in 
such exploratory behavior when faced 
with the presence of an implanted de- 
vice. One child reported a “pulling” 
sensation while using a backstroke in 
swimming. Such vigorous exercise, 
easily undertaken with implanted de- 
vices, might be expected in a young, 
active population and could lead to 
problems with catheter tip migration. 
Concern about administering scleros- 
ing agents through a catheter whose 
tip may have migrated has led to the 
suggestion that a roentgenograr. be 
obtained before each infusion. It would 
seem adequate to ensure that blood is 
easily obtained before infusion as an 
indication that the tip is within the 
vascular system. 

Extravasation is a considerable con- 
cern with the implantable devices 
since access is gained through use of a 
special Huber needle that is secured to 


References 


motherapy in patients with cancer. Am J Med 
1982;73:841-845. 

5. Bothe A, Piccione W, Ambrosino JJ, et al: 
Implantable central venous access system. 4m J 
Surg 1984;147:565-569. 

6. Van Leuwen EF, Krul EJ, Langeveld NE, et 
al: Continuous venous access during long-term 
chemotherapy in children by means of the Port-a- 
Cath, abstract C-431. Proc Am Soc Clin Oncol 
1984;3:110. 

7. Press OW, Ramsey PG, Larson EB, et al: 
Hickman catheter infections in patients with 


In Other AMA Journals 


ARCHIVES OF OPHTHALMOLOGY 
Binocular Luminance Summation in Infants 


skin with tape. This was reported 
once’ and encountered once in our ex- 
perience. Most long-term infusions do 
not contain agents capable of causing 
tissue damage. However, the growing 
popularity of the doxorubicin and 
Vinca alkaloid infusions presents a dil- 
emma. These drugs are usually given 
in very dilute concentrations when in- 
fused over long time periods but can- 
not be considered safe. Very careful 
observation will be required if these or 
other agents similarly capable of caus- 
ing sclerosis are to be infused through 
these devices. 

In summary, the use of implanted 
venous access devices in children has 
been shown to be possible and to be 
associated with no more morbidity 
than that encountered with their use in 
adults. In addition, the advantages of 
ease of care, their relatively inconspic- 
uous appearance, and possible de- 
creased infection rate indicate that 
strong consideration should be given 
to their use in certain children needing 
prolonged central venous access. 
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Shuddering Attacks 


Evaluation Using Electroencephalographic Frequency Modulation 


Radiotelemetry and Videotape Monitoring 


Gregory L. Holmes, MD, Barry S. Russman, MD 


è Three children who had frequent 
shuddering or shivering attacks were 
studied using electroencephalographic 
frequency modulation radiotelemetry 
and videotape monitoring. The attacks 
consisted of bilateral fine tremors, 
sometimes associated with stiffening of 
the upper extremities. The attacks were 
not associated with any electroen- 
cephalographic abnormalities. Shud- 
dering attacks appear to be a benign 
movement disorder. 

(AJDC 1986;140:72-73) 


Ghuddering or shivering episodes are 
observed at one time or another in 
most children. These events occur 
infrequently and usually are not con- 
fused with other disorders. The pur- 
pose of this communication is to de- 
scribe three patients with frequent, 
paroxysmal bouts of shuddering who 
were evaluated using electroenceph- 
alographic (EEG) frequency mod- 


For editorial comment 
see p 19. 





ulation (FM) radiotelemetry and 
closed-circuit videotape monitoring. 
Analysis of the cases using this tech- 
nique indicated that these attacks 
were nonepileptic in nature. It is im- 
portant that the pediatrician be aware 
of this syndrome since the attacks can 
be confused with seizures. 


PATIENT REPORTS 


PATIENT 1.—This 21-month-old male in- 
fant presented at age 17 months with epi- 
sodes in which he would suddenly cease 
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activities and extend his arms. With the 
arms extended, there was a shivering type 
of movement, usually lasting less than 5 s. 
There was no change in facial expression 
and objects were never dropped. The shiv- 
ering attacks occurred multiple times daily 
and did not appear to be related to fatigue. 
The mother noted that with excitement the 
attacks increased in frequency. No epi- 
sodes were noted when the patient was 
asleep. A trial of phenobarbital sodium and 
ethosuximide was not effective in reducing 
the number of attacks. 

There was a family history of seizures. 
The father had generalized tonic-clonic sei- 
zures and the sister had absence seizures. 
There was no family history of tremors. 
Results of the patient’s developmental and 
neurological examination were normal, in- 
cluding a normal head circumference. 

Ten shuddering attacks were recorded 
during EEG FM radiotelemetry and vid- 
eotape recording. The attacks consisted of 
mild stiffening of the upper extremities 
with very fine, low-amplitude, 8- to 10-eps 
motor movements. The attacks were not 
associated with any apparent alteration in 
consciousness and occurred most fre- 
quently when the patient was excited. The 
attacks all lasted less than 5 s. In addition 
to these shuddering attacks, the patient 
had brief periods of momentary stiffening 
with minimal tremors of the upper ex- 
tremities. All of the shuddering attacks 
occurred spontaneously and were not elic- 
ited with movement. The EEG was normal 
during all of the shuddering attacks. 

The patient was not treated with any 
medications for the shuddering attacks. 
One year after the radiotelemetry evalua- 
tion, the patient continued to have attacks 
although they were significantly reduced in 
frequency and occurred primarily when the 
child was excited. 

PATIENT 2.—This ll-year-old girl had 
episodes of shivering for one year. The 
episodes were like “shaking off a chill.” The 
episodes all lasted less than 15 s and oc- 


curred two to three times a day. The attacks 
increased with excitement and disappeared 
during sleep. They were occasionally asso- 
ciated with stiffening of the upper extrem- 
ities. There was no alteration of con- 
sciousness with the attacks. 

There was no family history of seizures or 
tremors. The patient was mildly retarded 
but results of a neurological examination 
and head circumference were normal. 

On telemetry two episodes of shuddering 
were recorded. No associated EEG abnor- 
malities were noted during the shuddering 
attacks. These episodes involved primarily 
the head and consisted of low-amplitude, 
to-and-fro movements with a frequency of 8 
to 10 eps. Both attacks occurred spon- 
taneously, lasted 10 s, and were not associ- 
ated with any alteration in consciousness. 

The patient was not treated with medica- 
tion for the shuddering attacks. Eight 
months after the telemetry evaluation, 
there was no change in the frequency of the 
attacks. 

PATIENT 3.—This 7-year-old girl pre- 
sented with a one-year history of episodes 
of tonic posturing, staring, and shivering. 
The attacks varied in frequency from one to 
two a day to one a week. The attacks were 
brief, usually lasting less than 5 s. How- 
ever, at times the attacks were associated 
with a change in facial expression, adduc- 
tion of the shoulders, and flexion of the 
arms. There was no alteration in conscious- 
ness during the attacks. No attacks oc- 
curred during sleep. 

There was no family history of seizures or 
tremors. Results of neurological examina- 
tion and head circumference were normal. 

During the telemetry study the patient 
had five episodes of low-amplitude, 8- to 
10-cps, to-and-fro head and upper-ex- 
tremity movements that lasted approx- 
imately 5 s. The arms were held in a semi- 
flexed position during the attacks. The 
mother could stop the episodes by talking 
to the patient. Shuddering occurred spon- 
taneously and was not elicited by move- 
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ment. No EEG changes were associated 
with the shiveringlike episodes. 

The patient was not treated with medica- 
tions for the shuddering attacks. Fourteen 
months after the telemetry study, the pa- 
tient continued to have shuddering attacks, 
although they had decreased in frequency. 


COMMENT 


In all three patients the attacks had 
consisted of rapid tremors that in- 
volved primarily the head and arms. 
The tremors were similar to shivering. 
They differed from common shivering, 
however, in their longer duration, fre- 
quency of occurrence, and in two of the 
patients, abnormal postures of the 
arms. All three children were referred 
for EEG FM radiotelemetry and vid- 
eotape monitoring because the refer- 
ring physician was concerned that the 
children were having seizures. 

Vanasse et al' described shuddering 
attacks in six children and noted that, 
in addition to the movements, the chil- 
dren often assumed a characteristic 
posture of flexion of the head, elbows, 
trunk, and knees, with adduction of 
the elbows and knees. As in our three 
patients, Vanasse et al’ reported that 
the episodes lasted only seconds but 
occurred up to hundreds of times daily. 
Although Vanasse et al’ performed 
EEGs on some of their patients, they 
did not record EEGs during the at- 
tacks. 

Shuddering attacks may be confused 
with physiologic tremors, partial sei- 
zures with motor symptoms, and ab- 
sence seizures. Benign or “essential” 
familial tremors may begin in child- 
hood.” The tremor may not be present 
at rest in the early stages but is usually 
elicited by voluntary movement, com- 
monly referred to as an action tremor. 
In our patients the shuddering attacks 
were clearly paroxysmal and were not 
elicited by movement. 

Myoclonic or clonic components may 


AJDC—Vol 140, Jan 1986 


occur in children with absence sei- 
zures’ or partial seizures. In absence 
seizures, the myoclonic or clonic move- 
ments have a higher amplitude and 
lower frequency than the movements 
seen in our patients. The movements in 
our patients were clearly not myo- 
clonic, clonic, or tonic-clonic in nazure. 
It is possible that these episodes were 
partial seizures arising from the 
mesial tempora! lobe in which the epi- 
leptiform discharge did not propagate 
to the scalp. However, there are sev- 
eral reasons why we do not think this is 
the case. Mesial temporal lobe sei- 
zures usually are partial complex in 
type and in our patients there wés no 
evidence of impaired consciousness. 
The presence of bilateral motor in- 
volvement as an epileptic phenomenon 
without impaired consciousness would 
be very unusual.‘ The frequent nature 
of the attacks, absence of other epilep- 
tic phenomena, lack of postictal phe- 
nomena, and failure of the attacks to 
decrease with antiepileptic drugs 
make a diagnosis of seizures unlikely. 

Patients with the bobble-head doll 
syndrome have a slow tremor that in- 
volves the head, trunk, or extrem- 
ities. In addition to the tremors, the 
patients have macrocephaly and many 
of the signs and symptoms found in 
patients with surgically or svon- 
taneously arrested hydrocephelus. 
The tremors in our patients were more 
rapid than those reported in the bob- 
ble-head doll syndrome, and none of 
our patients had macrocephaly or 
other evidence of arrested hydro- 
cephalus. 

The pathophysiology of these at- 
tacks is unclear. Vanasse et al’ postu- 
lated that the attacks were a man- 
ifestation of an essential tremor in the 
immature brain. They based this hy- 
pothesis on the observation that the 
shuddering resembled the type of 


movement seen in familial tremors and 
the fact that in five of six patients a 
parent had an essential tremor. We did 
not find a history of essential tremor in 
our three patients and, therefore, can- 
not support this hypothesis. 

Since the shuddering attacks did not 
appear to be adversely affecting our 
patients, we elected not to treat our 
patients with any medications. In pa- 
tient 1, previous trials of phenobarbital 
and ethosuximide were not effective in 
reducing the number of shuddering 
attacks. Vanasse et al’ also reported 
that antiepileptics had little effect on 
the number of attacks, although meth- 
ylphenidate hydrochloride and thio- 
ridazine hydrochloride appeared to re- 
duce the frequency of shuddering in 
one patient. 

Shuddering attacks, when not asso- 
ciated with other neurological find- 
ings, appear to be a benign disorder 
and parents can be reassured. Recog- 
nition of this syndrome is important 
since it should avoid unnecessary in- 
vestigation and concern. 


Dr Holmes is a recipient of a Teacher In- 
vestigator Development Award, NS 538, from 
the National Institute of Neurological and Com- 
municative Disorders and Stroke. The authors 
are indebted to Diane Pisani for manuscript 
preparation. 
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Evaluation of Pulmonary Hypertrophic Osteoarthropathy 


in Cystic Fibrosis 


A Comprehensive Study 


Alan M. Cohen, MD; Barry S. Yulish, MD; Kenneth B. Wasser, MD; 
Paul J. Vignos, MD; Paul K. Jones, PhD; Steven B. Sorin, MD 


e A questionnaire survey of 375 pa- 
tients with cystic fibrosis was performed 
to seek evidence of pulmonary hyper- 
trophic osteoarthropathy (PHOA). Three 
hundred responses were obtained. 
Forty-five patients (15%) who described 
long-bone or joint pain met clinical crite- 
ria for the diagnosis of PHOA, 25 of 
whom had roentgenographic evidence 
of periostitis. Compared with an age- 
and sex-matched control group (group 
3), the patients with cystic fibrosis and 
PHOA as well as roentgenographic evi- 
dence of periostitis (group 1) had worse 
Shwachman scores and pulmonary 
function and a significantly increased 
mortality rate (36%). The patients with 
PHOA but no roentgenographic evi- 
dence of periostitis (group 2) had 
Shwachman scores intermediate be- 
tween groups 1 and 3. We believe PHOA 
is more common than previously sus- 
pected. Its incidence appears related to 
severity of disease. 

(AJDC 1986;140:74-77) 


Pulmonary hypertrophic osteoar- 

thropathy (PHOA) has been con- 
sidered an unusual finding in cystic 
fibrosis (CF).'® The investigators of 
previous reports examined scant data 
before reaching their conclusions. In 
contrast, the experience at University 
Hospitals of Cleveland suggested that 
PHOA in CF was common and under- 
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PATIENT'S NAME 


1. Is there any history of long-bone pain or tenderness? 

2. Is there any history of joint pain, swelling, or erythema? 

3. Onphysical examination, is there currently any evidence of active joint 
inflammation, ie, tenderness, swelling, effusion, or erythema? 

4. On physical examination, is there currently any long-bone swelling or 
tenderness? 


diagnosed. Consequently, we studied a 
large group of patients with CF to 
determine the prevalence of PHOA 
and to define the group at risk. 


PATIENTS AND METHODS 
Patient Selection 


From 1977 through 1981, the Pediatric 
Pulmonary Division of University Hospi- 
tals of Cleveland cared for approximately 
450 patients with CF (active patients). Dur- 
ing this period, we attached a screening 
questionnaire (Table 1) to the charts of 375 
patients with CF at the time of a routine 
clinic visit. The questionnaire, which was 
completed by the attending nurse clinician 
and clinic physician, sought historic or 
physical evidence of joint inflammation or 
long-bone pain. It was intentionally de- 
signed to be overinclusive. 

Patients who answered affirmatively to 
one or more questions were evaluated by a 
rheumatologist (K.B.W. or S.B.S.), who 
used the following constellation of findings 
described by Fishman” to reach a diagnosis 
of PHOA: 

1. Bilateral subperiosteal new bone for- 
mation. 

2. Clubbing of the digits. 

3. Increased thickening of the upper and 
lower extremities, especially in the distal 
third of the legs. 

4, Articular signs and symptoms, in- 
cluding arthralgias, stiffness, joint swell- 





ing, and effusions. 

5. Peripheral neurovascular disorders, 
such as chronic erythema, localized areas of 
increased sweating, and paresthesias. 


Fishman noted that periarticular symp- 
toms often preceded new bone formation 
(periosteal reaction) by months; thus, 
roentgenographic evidence of periostitis 
need not be present. 

Roentgenograms were obtained for pa- 
tients with joints or bones suspicious for 
PHOA or a musculoskeletal problem. When 
the rheumatologists were unsure about the 
presence of disease, they obtained a single 
roentgenogram of the patient's most symp- 
tomatic tibia-fibula. A radiologist (A.M.C. 
or B.S.Y.) assessed all roentgenograms 
knowing the clinical findings. Informed 
consent was obtained prior to obtaining all 
roentgenograms, but, in patients with neg- 
ative results of the screening questionnaire 
or rheumatologic evaluation, roentgeno- 
grams were not obtained. 

Patients with PHOA were divided into 
two groups: group 1 had roentgenographic 
evidence of periostitis and group 2 did not. 
A control group was randomly selected 
from patients with CF without bone or 
joint symptoms (group 3) by stratifying 
patients by five-year age intervals and sex. 


Clinical and Pulmonary Analysis 


Pulmonary function tests and Shwach- 
man scores (overall and subdivided) were 
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Left, Typical periostitis present in pulmo- 
nary hypertrophic osteoarthropathy was 
seen in this roentgenogram of lower leg. 
Tibia and fibula have periostitis. Right, An- 
other patient had more obvious severe 
periostitis in unusual location—distal ra- 
dius and ulna. All metacarpals; first, sec- 
ond, third, and fifth proximal phalanges; and 
third and fourth middle phalanges show 
evidence of periostitis. 


obtained for each patient." These were 
averaged and compared by groups using 
factorial analysis of variance.”” Differ- 
ences among groups were adjusted for any 
remaining imbalance in the age or sex 
distribution. Mortality rate in each group 
was computed at the conclusion of our 
study. 


Roentgenographic Control Population 


An attempt to define the prevalence of 
occult PHOA in patients with CF involved 
review of all roentgenograms of the approx- 
imately 450 active patients. Roentgeno- 
grams were obtained for 415 patients at 
University Hospitals, 72 of whom had no 
PHOA but had one or more bone-age stud- 
ies or long-bone roentgenograms. The lat- 
ter were usually trauma related. These 72 
patients for whom extremity roentgeno- 
grams were obtained do not include those 
performed as part of our study. 


RESULTS 


Three hundred seventy-five ques- 
tionnaires were distributed during 
routine clinic visits in an active popula- 
tion of 450 patients. Three hundred of 
these were completed, a response rate 
of 80% (300/375) and a sampling rate of 
67% (300/450). Ninety-four patients 
had a positive response to one or more 
questions; however, seven patients 
died before they could be seen. We 
examined 69 (79%) of the remaining 87 
patients. Forty-five of the 69 had a 
history and physical findings consist- 
ent with PHOA, 25 of whom also had 
roentgenographic evidence of periosti- 
tis (Figure). 

The patients were divided into three 
groups (group 1, PHOA with roent- 
genographic evidence of periostitis; 
group 2, PHOA without roentgeno- 
graphic evidence of periostitis; and 
group 3, controls). Table 2 presents the 
age and sex distribution of the patients 
with CF in these groups. We randomly 
chose two controls per patient with 
PHOA (group 1 and 2) in each age and 
sex cross-classification, except in the 
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Table 2.—Age and Sex Distribut on of Patients With Pulmonary Hypertrophic 
Osteoarthropethy (PHOA) and Controls 


l: PHOA With 


Age Range, yr Periostitis 


3 (2:1)* 
9 (7:2) 
7 (4:3) 
3 (1:2) 
3 (2:1) 
25 (16:9) 


*The youngest patient with cystic fibrosis who had PHOA was 12 years of age at the time of diagnosis. 





oldest age interval (31 to 37 years). 
Factorial analysis of variance was per- 
formed in these groups, with differ- 
ences among the groups adjusted for 
any remaining imbalance in the ege 
and sex distribution.”” 

Table 3 compares mean clinical and 
pulmonary values for the three 
groups. Pair-wise t tests adjusted “or 
age and sex were performed to com- 


Group, No. of Patients (M:F) 


ll: PHOA Without 
Periostitis 


2 (0:2) 
8 (2:6) 
3 (1:2) 
4 (3:1) 
3 (1:2) 
20 (7:13) 


lll: Control 
10 (4:6) 
37 (20:17) 
22 (12:10) 
14 (8:6) 

6 (3:3) 
89 (47:42) 


pare groups 1 with 2, 1 with 3, and 2 
with 3 (see Table 3). 

The 25 patients with CF who made 
up group 1 (PHOA with roentgeno- 
graphic evidence of periostitis) had 
significantly worse disease than did 
group 3 (controls). Shwachman scores, 
pulmonary physical findings, chest 
roentgenographic changes, predicted 
vital capacity, and ratio of residual 
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Table 3.—Comparison of Patients With Pulmonary Hypertrophic Osteoarthropathy (PHOA) and Controls on Mean Clinical and 
~~ Pulmonary Variables* 


I: PHOA With 
Periostitis 
(n=25) 


Overall well-being (Shwachman 
score) 


Pulmonary physical 
findings and cough 


Growth, nutrition, 
and stool history 


Chest roentgenogram 


VC percent 
predicted 


FEV, percent 
predicted 


Ratio of 
RV to TLC 


Group 


li: PHOA Without 
Periostitis 


(n=20) (n=89) 


Ill; Contro! 


Significance of Pair-wise 
t Test Comparisons, P 
ll vs Ill 


I vs Ill I vs Íl 





*Each value and standard deviation (numbers in parentheses) was calculated by routine statistical methods. Comparison of groups was performed by pair- 
wise t test after adjustment for age and sex differences.'2"? VC indicates vital capacity; FEV,, forced expiratory volume at 1 s; RV, residual volume; TLC, total lung 


capacity; and NS, not significant. 
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Bilateral 
14 (31) 
10 (22) 
4 (9) 


Knees 

Ankles 

Wrists 

PIP joint 
Monoarthritic 
Oligoarthritic 

Long-bone pain 
Tibia-fibula 
Ulna-radius 


6 (13) 
1 (2) 









PT ee ae ae 
a - > r 
be 


Se tee Wer cn ee 
No. (%) of Patients 
(n=45) 





Unilateral 
16 (36) 
10 (22) 
7 (16) 


4 (9) 
2 (4.5) 


2 (4.5) 


9 (20) 
7 (16) 


2 (4) 


*Each patient may have had more than one site of joint involvement. PIP indicates proximal 


interphalangeal. 


volume to total lung capacity were 
uniformly lower in group 1 than in 
group 3 (P<.001). The percent pre- 
dicted forced expiratory volume was 
also lower in group 1 than group 3 
(P<.05). 

Some mean clinical and pulmonary 
values were significantly worse for 
group 2 (PHOA without roentgeno- 
graphic evidence of periostitis) than 
for group 3 (controls). These included 
Shwachman scores (P<.001); pulmo- 
nary physical findings (P<.01); and 
growth, nutrition, and stool history 
(P<.01). Group 1 scored significantly 
worse than group 2 with regard to 
pulmonary physical findings (P<.05), 
chest roentgenographic changes 
(P<.05), vital capacity (P<.05), and 
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ratio of residual volume to total lung 
capacity (P<.01). 

Viewed as a whole, we found that 
patients with PHOA (groups 1 and 2) 
had significantly worse clinical find- 
ings and pulmonary values than pa- 
tients without clinical symptoms of 
PHOA (group 3). These findings can- 
not be attributed to age or sex distri- 
bution. Patients with PHOA but no 
roentgenographic evidence of periosti- 
tis (group 2) were intermediate in their 
mean clinical findings and pulmonary 
values. 

Nine (86%) of the 25 patients in 
group 1 died by the end of our study. 
Only one (5%) of 20 patients in group 2 
and eight (9%) of 89 in group 3 died 
during this time. Mortality rate was 


higher for group 1 compared with 
groups 2 or 3 (P<.01) by x’ testing. In 
groups 1 and 2 combined (all patients 
with PHOA), ten (22%) of 45 patients 
died. 

Table 4 lists the distribution and 
type of arthropathy found on physical 
examination in groups 1 and 2. The 
arthropathy was usually bilateral, in- 
volving the knees (36%), ankles (22%), 
and wrists (16%) in decreasing fre- 
quency. Long-bone pain was common 
(20%) and usually involved the lower 
extremities (33 patients). All patients 
in groups 1, 2, and 3 had clubbed digits, 
making this a worthless diagnostic cri- 
terion for PHOA. 

The arthropathy was chronic and 
had occasional exacerbations, which 
responded well to nonsteroidal anti- 
inflammatory agents. The exacerba- 
tions did not correspond to changes in 
pulmonary status or pulmonary infec- 
tions. 

The other 24 patients who were seen 
by the rheumatologists were a note- 
worthy collection. Sixteen of the 24 
had a trauma-related problem. Of the 
remaining eight patients, two had ju- 
venile rheumatoid arthritis, and one 
each had Behcet’s syndrome, post- 


rubella arthritis, chondromalacia 
patella, hypermobility syndrome, pal- 
pable purpura, and erythema 
nodosum. 


Review of all 415 available roent- 
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genographic jackets produced 72 pa- 
tients without PHOA having one or 
more bone-age studies or long-bone 
films. Only one patient (1%) had roent- 
genographie evidence of periostitis. 
That patient also responded nega- 
tively to the screening questionnaire. 
In addition, we found five patients 
with bone-age studies that were nega- 
tive for periostitis but who subse- 
quently developed PHOA, as detected 
by our study. 


COMMENT 


We found that 15% (45/300) of all 
patients with CF had evidence of 
PHOA. Thus, PHOA is a common com- 
plication of CF. Our study results con- 
tradict those of most previous small 
series and suggest that physicians 
often ignore the clinical diagnosis of 
PHOA unless roentgenographic evi- 
dence of periostitis is found (group 
1).2*° Using this narrow definition of 
disease, PHOA occurs 8% (25/300) of 
the time. These figures probably are 
underestimates, since 25 positive re- 
sponders to the screening question- 
naire could not be evaluated. Also, 
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Muscular Atrophy 


none underwent bone scans or exten- 
sive skeletal roentgenographic sur- 
veys. 

Of the 45 patients with CF and 
PHOA, none was younger than 12 
years of age. The 25 patients with 
PHOA and roentgenographic evicence 
of periostitis (group 1) presented a 
unique picture. They had significantly 
more-extensive disease than groups 2 
or 3. Most striking was the 36% mor- 
tality rate over four years in this group 
compared with 9% in group 3 and 5% in 
group 2. Therefore, PHOA with roent- 
genographic evidence of periostitis is 
more often present in patients with 
severe CF. 

The skeletal distribution of PHOA 
found in our study corresponds te that 
described in other reports’; however, 
the process was more indolent. Some 
authors have suggested that PHOA 
follows exacerbations in pulmonary 
disease.*°* We actively searched for 
these parallels yet could find rone. 
Instead, the incidence of PHOA corre- 
lated with the severity of CF, as mea- 
sured by pulmonary and nonpulmo- 
nary values. 
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Our study results also contradict 
those that suggest PHOA without 
symptoms is common.” We detected 
one asymptomatic patient with peri- 
ostitis of 72 patients who had skeletal 
roentgenograms unrelated to our 
study. Thus, unsuspected PHOA is un- 
usual, occurring at most in 1% to 2% 
(1/72) of all patients with CF. 

Although the goal of this project was 
the identification of PHOA in patients 
with CF, eight patients had other 
rheumatic diseases. While patients 
with CF presenting with joint or long- 
bone symptoms most commonly have 
PHOA, other arthritides should not be 
overlooked.” 

Our study refutes the notion that 
PHOA in patients with CF is rare, an 
important point for physicians who 
care for patients with CF. The diag- 
nosis should be actively pursued when 
symptoms suggest it. Other arthri- 
tides often occur in patients with CF 
and should not be forgotten. 


We would like to thank Jane M. Root, BSN, 
RN, for her extensive help in obtaining informa- 
tion on screening questionnaires. 


Disorders. New York, McGraw-Hill International 
Book Co, 1980, pp 88-90. 

11. Doershuk CF, Mathews LW, Tucker AS, 
et al: A five-year clinical evaluation of a therapeu- 
tic program for patients with cystic fibrosis. J 
Pediatr 1964;56:677-692. 

12. Nie NH, Hull CH, Jenkins JG, et al: 
Statistical Package for the Social Sciences, ed 2. 
New York, McGraw Hill International Book Co, 
1975. 

13. Afifi AA, Azen SP: Statistical Analysis: A 
Computer Oriented Approach, ed 2. Orlando, 
Fla, Academic Press Inc, 1980. 

14, Newman AJ, Ansell BM: Episodic arthritis 
in children with cystic fibrosis. J Pediatr 
1979;94:594-596. 


Sharon Parnes, MD; George Karpati, MD; Stirling Carpenter, MD; N. M. K. Ng Ying 
Kin, PhD; Leonhard S. Wolfe, MD, PhD; Leslie Suranyi, MD (Arch Neurol 


1985;42:1176-1182) 


AJDC—Vol 140, Jan 1986 





Pulmonary Hypertrophic Osteoarthropathy—Cohen et al 77 








ao Del dee ise 


Educational Interventions 


Hugh D. Allen, MD, Tucson ce 


Fredric Burg, MD, Philadelphia 
Harold Levine, MPA, Galveston, Tex 
Barbara Starfield, MD, Baltimore 





& ; 


Purpose.—This department is intended to share information concerning educational 
efforts in the broad field of pediatrics. We welcome studies on the following topics: 
undergraduate and graduate education in medicine and allied health occupations; continu- 
ing education of health professionals; education of patients and families; and health 
education for the general public, the community, and organizations that contribute to the 
promotion and improvement of the health of children. 


Editorial Comment.—Do residency training programs teach about the impact of 
television on children? Should they? In this article, Smith et al report the results of sucha 
survey and comment on its implications. —H.D.A. 


The Impact of Television on Children 


Current Pediatric Training Practices 


Richard D. Smith, MD; Patricia D. Fosarelli, MD; Francis Palumbo, MD; Vera Loening, MD; Raun Melmed, MD 


BY 3 years of age, children may spend 
25 to 50 hours watching television 
each week (New York Times, June 3, 
1975).! The preponderance of available 
evidence indicates that such regular 
television viewing adversely influ- 
ences children’s attitudes and be- 
haviors on such issues as violence,” 
gender and age roles,’ ethnicity (Jowr- 
nalism Quarterly, 1972, pp 5-14), and 
commercialism. Children up to 9 
years of age have substantial difficulty 
comprehending television program- 
ming, tend to perceive isolated inci- 
dents out of a context, and may be 
particularly vulnerable to adverse 
television effects (Harvard Educa- 
tional Review, 1974, pp 213-245)."* 
Counseling parents about their chil- 
dren’s television habits would seem to 
be an appropriate endeavor for pri- 
mary care pediatricians. There is, 
however, little information to deter- 
mine if pediatricians advise parents on 
this subject and no information about 
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the education pediatricians receive to 
facilitate their efforts. The purpose of 
our study was to investigate current 
techniques used to teach pediatric 
house staff about children and televi- 
sion. l 


METHODS 


A questionnaire was mailed to the 144 
members of the Association of Medical 
School Pediatric Department Chairmen, 
Inc, Orange, Calif. The questionnaire 
asked chairpersons or their designates to 
report whether they provide house staff 
with any formal lectures/seminars on chil- 
dren’s television habits, including the fre- 
quency of lectures and the specific topics, 
faculty, and recipients. The questionnaire 
also asked chairpersons if they encourage 
house staff to discuss television with par- 
ents, if they provide house staff with guide- 
lines to facilitate communication with par- 
ents, and if faculty members observe house 
staff to assess compliance. The question- 
naire asked chairpersons of programs with- 
out lectures or seminars on children’s tele- 
vision habits the reasons for not including 
this subject in their current educational 
aetivities. 

Approximately one month after the ini- 
tial mailing, a second copy of the question- 
naire was mailed to all programs not 
responding to the first mailing. All ques- 


tionnaires were numerically coded. Re- 
turned questionnaires were analyzed to 
determine response patterns to each of the 
questions. Student’s £t test and x” analysis 
were used, where appropriate, to define 
significant differences between programs 
with and those without formal lectures or 
seminars. 


RESULTS 


One hundred twenty (83.3%) pro- 
grams responded to the survey, 103 
after the first mailing and 17 after the 
second mailing. Only 17 (14.2%) re- 
spondents reported that they cur- 
rently provide lectures/seminars to 
house staff about children’s television 
habits. There are no significant differ- 
ences in either house staff or faculty 
size between programs with and those 
without formal lectures/seminars. 

Table 1 demonstrates that seminars 
on children’s television habits are usu- 
ally given annually (64.7%) by a mem- 
ber of the pediatric faculty (66.7%) to 
house staff at all levels (100%). Multi- 
ple topics are discussed in the semi- 
nars, including violence, the amount of 
time children watch television, and 
commercialism (Table 2). Listed rea- 
sons for not providing lectures or semi- 
nars included insufficient time (13.1%) 
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Annual 


Biannual 
Monthly 


Other 


Pediatric faculty 
Pediatric house staff 
Child psychology faculty 
Other 


Faculty* presenter 


PLI 
PLII 
PLIII 
All 


*Two programs indicated various combinations. 


Recipientst 


Mai n “ 
Wh 
Piy i. 
tae, 


i Eales Pie LHe iF 
Characteristic 


11 (64.7) 
4 (26.5) 
0 (0.0) 
2 (11.8) 


12 (6€.7) 
2 (11.1) 
3 (1€.7) 
2 (11.1) 


0 (0.0) 
0 (0.0) 
o (0.0) 
17 (100.0) 





+PLI, PLII, and PLIII indicate first-, second-, and third-year residents, respectively. 


and absence of qualified faculty mem- 
bers (19.2%). Approximately one third 
of the respondents (32.3%) reported 
that they “didn’t know” why lectures 
or seminars are not given and another 
third (84.5%) indicated “other” rea- 
sons, including (1) low priority, (2) in- 
formal discussion of subject, and (3) 
proposed inclusion of the subject in 
future educational developments. 

Programs that formally educate 
house staff about children’s television 
habits are significantly more likely to 
ask house staff to discuss television 
with parents or to observe house staff 
for compliance with this request than 
programs that do not emphasize televi- 
sion in their curriculum (P<.05). How- 
ever, programs with formal seminars 
are not more likely than those without 
seminars to give house staff guidelines 
to facilitate communication with par- 
ents (P>.1). The provision of seminars 
does not significantly increase the 
probability of observing house staff for 
discussion of television with parents 
once house staff have been encouraged 
by the faculty to discuss this subject 
(P>.1). 


COMMENT 


The results of our study demon- 
strate that the vast majority of pedi- 
atric training programs do not educate 
their house staff about the impact of 
television on children or encourage 
house staff to discuss this issue with 
parents. One respondent wrote that 
his program would become involved in 
this effort if “convincing” evidence 
demonstrated that counseling by pedi- 
atricians would stimulate parents to 
alter their children’s viewing habits. 
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Although never specifically investi- 
gated, there is evidence suggest- 
ing that pediatric counseling about 
children’s television habits would be 
effective. For example, it has been 
demonstrated that counseling by a pe- 
diatrician significantly increases par- 
ental compliance with the use of auto- 
mobile restraint systems and other 
safety measures.*” Counseling by the 
pediatrician appears to be the single 
most effective means of enhancing par- 
ental compliance.” At a minimum it 
seems likely that pediatricians could 
stimulate parents to monitor their 
children’s television habits more care- 
fully. 

We believe that the educational defi- 
cit identified in this study must be 
corrected. Our recommendations are 
that training programs (1) provide 
house staff with a cognitive back- 
ground on the impact of television on 
children through lectures, seminars, 
and bibliographic materials; (2) en- 
courage house staff to discuss <elevi- 
sion with parents during routine well- 
child care; (3) provide house staff with 
specific guidelines to facilitate their 
efforts; and (4) require observation of 
house staff to assess compliance. For 
pediatric practitioners, we recom- 
mend that discussions of children’s 
television habits be included in all well- 
child visits beginning at 3 years of age 
and ending at no earlier than 9 
years of age. These discussions should 
include the amount of time children 
watch television, the violence and sex- 
ual content of the programs being 
viewed, the relationship of tke de- 
picted stories to real-life events, and 
the inability of young children, in par- 


No. (%) 
Topic Programs With Topic 


Amount of 
television 
viewing 

Commercialism 

Fantasy vs realism 

Pro-social effects 

Sexism 

Violence 

Other 

All topics 





*Average number of topics per seminar: 
(mean + SD) 3.9+1.5. 


ticular, to accurately interpret what 
they are viewing. Perhaps, through 
these efforts, parents will become sen- 
sitized to the impact of television on 
children and to the importance of their 
role in scrutinizing and, where indi- 
cated, altering their children’s viewing 
patterns. 


The authors wish to thank Nancy MacAllister 
for manuscript preparation. 
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Purpose.—This section provides current information related to the medical needs of 
young athletes, as pertinent to counseling young athletes and their parents regarding 
sports participation and practices contributing to the health maintenance of the athlete, as 
well as current concepts in the prevention, diagnosis, and treatment of sports-related 


illnesses and injuries. 


Editorial Comment.—The following report documents improved clinical status and 
exercise tolerance in young patients with cystic fibrosis who participated in a prescribed 
exercise program. More difficult to document, but of no less importance, are the 
enhancements in self-image and acceptance by parents, peers, and others that will come 
from regular exercise and sports participation. No one will benefit more from a properly 
selected and supervised sports participation than the young person with a chronic health 


problem.—N.J.8. 


Effects of a Swimming Program on 
Children With Cystic Fibrosis 


Larry D. Edlund, PhD; Ronald W. French, EdD; John J. Herbst, MD; 
Herbert D. Ruttenberg, MD; Robert O. Ruhling, PhD; Ted D. Adams, PhD 


Previous investigators have reported 

the physiologic effects of walk/jog, 
bicycle ergometer, and swimming ex- 
ercise training programs on children 
with cystic fibrosis. These investiga- 
tors’’ reported that exercise training 
programs are effective in improving 
the ability of a patient to clear accumu- 
lated lung mucus and increase the 
capacity to endure exercise before 
becoming dyspneic. The present treat- 
ment for individuals with cystic fibro- 
sis includes a routine of physiotherapy 
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to keep the lungs clear of mucus, a 
process which is vital to the health and 
well-being of a patient. These proce- 
dures, however, are very time-consum- 
ing and may force a patient to plan his/ 
her daily schedule around treatments. 

It has also been observed that indi- 
viduals with cystic fibrosis progres- 
sively restrict their physical activity 
because of increased wheezing and 
dyspnea. This inactivity may result in 
progressive muscle deterioration, in- 
creased shortness of breath, and a 
greater loss of exercise tolerance.° The 
two potential benefits derived from 
regular aerobic exercise, improved en- 
durance and effective clearing of lung 
sputum, are therefore critical factors 
in the management of cystic fibrosis. 

The purpose of this study was to 
further assess the physiologic and 
clinical effects of exercise through a 12- 
week, progressive, aerobic swimming 
program for children with cystic fibro- 
sis. 


PATIENTS AND METHODS 


Fourteen boys and nine girls (range, 7 to 
14 years of age) with cystic fibrosis partici- 
pated in this study. These children were 
patients of the Cystic Fibrosis Clinic at the 
University of Utah Medical Center, Salt 
Lake City. Participants were divided into 
either an exercise (ie, experimental) 
(n=12) or control group (n=11) based pri- 
marily on their proximity to the medical 
center and available transportation. The 
age variations in the exercise and control 
groups were almost identical. 

Prior to participation in the testing and/ 
or exercise training, all patients and their 
parents were given detailed information 
regarding the nature of the study, and 
informed consent was obtained from the 
parents or guardians. Each patient in the 
exercise and control groups underwent a 
treadmill test and had maximal oxygen 
uptake (Vo, max) either measured directly 
or predicted, a resting 12-lead electrocar- 
diogram (ECG), pulmonary function tests, 
and a clinical analysis of the disease status 
before and after a 12-week training pro- 
gram. 
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The supervised swimming program was 
conducted in the swimming pool of the 
University of Utah Medical Center. The 
pool was 10 m long and 5 m wide with a 
water temperature maintained between 32 
and 35 °C. The training program consisted 
of 60-minute sessions held three days per 
week. The experimental group was divided 
into two equal groups to ensure a swimmer: 
instructor ratio of 6:1. Each swimming ses- 
sion was divided into three segments. The 
first one, an instructional segment used to 
teach swimming skills, lasted 30 minutes 
each time the first month and 25 minutes 
for the remainder of the program. The 
second segment was the progressive en- 
durance phase, which consisted of five min- 
utes of continuous swimming the first week 
and a three-minute increase every week 
thereafter, reaching a total time of 20 min- 
utes by the end of week 7. The heart rate 
was maintained between 60% to 75% of the 
maximal heart rate for the first five weeks, 
65% to 80% for the next three weeks, and 
70% to 85% for the remaining four weeks. 
Each patient’s heart rate was measured 
halfway through the continuous swimming. 
If the patients were not maintaining the 


Piatelie Sidi | 


Control Group 


Parameter Before After Gain or Loss Before After Gain or Loss 


-Shwachman 
scorest 8250+8.90 85.0+6.67 


Height, cm 134.4+9.9 136.2+10.€ 
Weight, kg 27.17+6.42 27.87+6.82 


*Values given as mean+ SD. 
tP<.01 per analysis of variance, exercise vs control group. 


+2.50 
+ 1.80 
+0.80 


85.50+7.62 82.50+7.55 
137.1+15.0 138.3+15.5 
30.22+8.72 30.76+8.60 


— 3.00 
+1.20 
+0.54 





Exercise Group 
a S 
Before After Gain or Loss 


1.55+0.48 1.52+0.50 —0.03 
1.95+0.58 2.01+0.59 +0.06 
1.20+0.24 1.16+0.26 — 0.04 
0.38+0.05 0.35+0.07 — 0.03 0.42+0.16 0.37+0.11 
20.85+4.42 22.24+3.57 + 1,39 23.70+4.37 23.48+5.54 


*Values given as mean + SD. FEV, indicates forced expiratory volume; FVC, forced vital capacity; RV, 
residual volume; TLC, total lung capacity; and DL, diffusion capacity. Probability values not significant per 


Control Group 


Parameter Before After 
1.52+0.58 1.55+0.68 
2.00+0.70 2.03+0.70 


1.53+0.48 1.36+0.40 


Gain or Loss 


FEV,,L 
FVC, L 

RV, L 
RV/TLC, % 
DL, mm 





minimal level of the desired heart rate in- 
tensity, they were encouraged to swim ad- 
ditional laps. The third segment provided 
the patients with “free-play” time in the 
water and was approximately 30 minutes 
long the first month and 20 minutes long for 
the remainder of the program. Patients in 
the control group during the 12-week pe- 
riod were asked to continue their normal 
life-style without any additional exercise. 

Maximal graded-treadmill exercise tests 
were performed on a treadmill (Quinton 
Instrument Co, Seattle) using a modified 
Bruce protocol while continuously monitor- 
ing lead V,. Blood pressures were taken at 
rest, during each stage, and at recovery. In 
12 of the 20 patients, oxygen uptake was 
measured. Gas fractions were sampled us- 
ing an oxygen analyzer and a carbon diox- 
ide analyzer (Beckman OM-11 and LB-2, 
Brea, Calif). Inspired air flow was mea- 
sured using a No. 3 Fleisch pneumotachy- 
graph coupled with a pressure transducer. 
Flow and gas fractions were sampled every 
25 ms by a microcomputer programmed to 
compute five consecutive breath averages 
of minute ventilation, oxygen uptake, car- 
bon dioxide production, and respiratory 
exchange ratio. 

To familiarize each patient with the 
treadmill, a period of one to five minutes of 
treadmill walking was performed at least 
one hour prior to the actual pretest. During 
the test the patients were encouraged to 
continue as long as possible to obtain max- 
imal exercise values and were advised to 
stop if they developed chest pain or felt 
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analysis of variance, exercise vs control g’oup. 


faint. Eight of the younger and smaller 
children (four exercise and four control 
patients) could not tolerate the mouth- 
piece, so Vo, max was predicted based on 
equations developed by the American Col- 
lege of Sports Medicine.’ These equations 
use treadmill speed and elevation to predict 
Vo, max. For additional statistical compar- 
isons, Vo, values were also predicted for 
those patients who underwent direct Vo, 
measurement. 

A standard 12-lead ECG was recorced on 
a single-channel recorder at standard 
speed. A 12-L, dry-rolling spirometer was 
used to measure forced expiratory volume 
inls(FEV,), forced vital capacity, residual 
volume, and total lung capacity. A balloon 
box respirometer (WE Collins, Inc, Brain- 
tree, Mass) was used to test for diffusion 
capacity of the lungs. The pulmonary func- 
tion tests were administered by a pulmo- 
nary technician who had no knowlecge of 
patient-group assignment. 

The clinical disease state of the pazients 
was determined by rating disease symp- 
toms in accordance with the patient’s case 
history, pulmonary function results, 
growth and nutrition findings, and chest 
roentgenograms. This was evaluated by 
one physician in accordance with the 
Shwachman scoring technique that scores 
history, physical evaluation, nutrition, and 
chest roentgenogram.* A single-blind tech- 
nique was used for score determination. 


Repeated blind scoring showed excellent 
correlation within three points in all cases. 

The ECG, pulmonary function tests, fit- 
ness measurements, and Shwachman eval- 
uation performed before and after the 
training program were compared to deter- 
mine possible clinical, pulmonary, and fit- 
ness changes. These data were statistically 
analyzed using analysis of variance.’ The 
pretest scores were used as the covariate 
and P<.05 was used as the criterion for 
significance. 


RESULTS 


Ten of the 12 exercise patients suc- 
cessfully completed the 12-week swim- 
ming program. Two patients discon- 
tinued participation in the study after 
the first week due to transportation 
problems. One of the 11 control pa- 
tients was hospitalized during the 
study. The two exercise patients and 
the one control patient who did not 
complete the study were not consid- 
ered in the statistical analysis. The 
adherence of the program was excel- 
lent, with an average attendance of 
94% without a decline in percent at- 
tendance toward the end of the pro- 
gram. 

The exercise group consisted of 
seven boys and three girls (average 
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Parameter After 


Gain or 


Control Group 


Gain or 


Loss Before After Loss 


Predicted VO, max, 52.19+14.17 66.25+17.57 +14.06 47.72+20.33 48.30+20.57 +0.58 


mL/kg/mint (n= 10) 
Measured VO, max, 56.20+6.71 
mL/kg/mint (n=6) 
Time on the 15.73 +3.47 
treadmill, min§ (n= 10) 


VE max, Lt 39.82 +6.61 
(n=6) 


(n= 10) 
(n=6) 
(n= 10) 


(n=6) 


60.05+14.28 +3.85 48.61+10.36 52.13+9.95 


17.95+4.84 


45.84+16.24 +6.02 40.64+13.77 39.47+13.92 





(n=10) (n= 10) 

+3.52 
(n=6) 

+2.22 14.48+5.16 
(n=10) 


(n=6) 
14.11+5.25 
(n= 10) 


—0.37 


=TA7 


(n=6) (n=6) 


*Values given as mean+SD. VO, max indicates maximal oxygen uptake; VE max, maximal minute 


ventilation. 


+Predicted VO, max data include all exercise and control members. P<.01 per analysis of variance, 


exercise vs control group. 


+Measured VO, max and VE max data include only those patients that could tolerate the mouthpiece and 


nose clip. 


§P<.05 per analysis of variance, exercise vs control group. 


age, 10.1 years) while the control group 
had five boys and five girls (average 
age, 10.8 years). The height and weight 
of the exercise and control patients are 
listed in Table 1. The distribution of 
height and weight for both groups is 
based on sex and the National Center 
for Health Statistics growth charts 
(1976). With the exception of two exer- 
cise patients, all patients were at or 
below the 50th percentile for height 
and under the 50th percentile for 
weight. 

The preclinical-to-postclinical state 
of the severity of the patient’s disease, 
based on the Shwachman scores, is 
reported in Table 1. The mean scores 
for the exercise and control groups 
were 82.5 and 85.5, respectively. Ac- 
cording to the Shwachman score, the 
average pretraining score showed the 
children to be partially impaired with 
some limitation on strenuous exercise. 

During the training there was a 
slight but significant improvement in 
the exercise group’s Shwachman score 
(82.5 to 85.0) as compared with that of 
the control group (85.5 to 82.5). All of 
the exercise patients, except one, had 
an improved or unchanged score, and 
changes occurred in all four areas of 
the instrument. The scores of the con- 
trol patients either remained essen- 
tially the same or declined. 

The pulmonary function and the fit- 
ness measurements before and after 
the training program are listed in Ta- 
bles 2 and 3. The pulmonary data 
showed no significant changes in the 
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exercise group when compared with 
the control group. Among those pa- 
tients that could tolerate the mouth- 
piece, the measured Vo, max and max- 
imal minute ventilation did not change 
significantly in the exercise group as 
compared with the control group. 
When the predicted post-Vo, max of all 
patients, including those unable to tol- 
erate the mouthpiece, was analyzed, 
there was a significant improvement in 
Vo, max (P<.01) among the exercise 
participants as compared with the con- 
trol patients. The measured Vo, max of 
the exercise and control patients was 
higher than the average Vo, max re- 
ported by Orenstein et al.* The time on 
treadmill (total exercise time) in- 
creased significantly (P<.05) in the 
exercise group (+ 2.2 minutes) as com- 
pared with the control group (—0.4 
minutes). 


COMMENT 


The beneficial role of exercise in the 
treatment of cystic fibrosis has been 
recognized for several years.”*” Bon- 
forte” stated that “running, swimming 
(no diving) and active play are often 
more effective in raising sputum than 
any other form of therapy.” It has been 
reported that “many cystic fibrosis 
patients cough up more mucus from 
their lungs during and after exercise 
than they do at other times, includ- 
ing—for some—their chest physical 
therapy sessions.” Several of the par- 
ents of the exercise patients in this 
study reported that sputum produc- 


tion during chest-physical-therapy 
sessions markedly decreased when 
they entered the program. The exer- 
cise associated with the swimming ap- 
parently helped to clear the lungs of 
sputum. 

The minor but significant improve- 
ment in the Shwachman score substan- 
tiates the value of aerobic training. 
The increase in treadmill tolerance 
was reflected in the history portion 
of the score, which showed that the 
participants tired less quickly. The 
exercise and increased breathing asso- 
ciated with swimming was also associ- 
ated with extra coughing and clear- 
ance of mucus from the lung. Although 
psychological measurements were not 
part of the protocol, all the parents 
volunteered comments that the chil- 
dren had an increased sense of well- 
being. This effect, which was obvious 
to the parents, may have influenced 
the excellent attendance record. 

The apparent lack of change in FEV, 
among the exercise patients compared 
with the control patients is similar to 
that reported by Keens et al’ and En- 
glish* who showed no change in the 
FEV, of patients with cystic fibrosis 
following participation in an exercise 
swimming program. Exercise studies 
involving other patients with chronic, 
obstructive pulmonary diseases such 
as emphysema also showed no change 
in FEV, following exercise training.” 
Forced vital capacity and residual vol- 
ume did not change after training, a 
finding that was consistent with re- 
sults reported by English.* The lack of 
diffusion-capacity improvement in the 
experimental group is similar to the 
results reported by Paez et al” who 
studied emphysematous patients fol- 
lowing an exercise program. 

Exercise studies during recent 
years have increased the amount of 
data regarding the beneficial effects of 
exercise on patients with cystic fibro- 
sis. Following the 12-week swimming 
program, the exercise group could ex- 
ercise significantly longer when com- 
pared with the control group. Keens 
et al' also studied the effects of exer- 
cise training on patients with cystic 
fibrosis. Patients underwent four 
weeks of intense swimming and canoe- 
ing (1.5 hr/day). Although there were 
no significant improvements in pulmo- 
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nary function or aerobic capacity (Vo, 
max), the exercise-trained patients did 
improve their exercise time. In a re- 
cently reported study by Coyle et al,” 
patients with ischemic heart disease 
underwent exercise training over a 
12-month period. The data showed that 
although the cardiac patients were un- 
able to attain a Vo, max comparable 
with that of a control patient, they 
were able to run 8 km at the same 
speed as the control patients. Blood- 
lactate-level comparisons showed the 
exercise-trained cardiac patients to 
have a very high lactate threshold. 
Coyle et al” concluded that cardiac 
patients, whose exercise effort was 
impaired by cardiac function resulting 
in a lower-than-normal Vo, max, can 
make adaptations that will allow these 
patients to “maintain close to a meta- 
bolic steady state during exercise that 
elicits Vo, max.” It is quite conceivable 
that the exercise-trained, cystic fibro- 
sis patients in this study made adapta- 
tions similar to the cardiac patients 
studied by Coyle and colleagues,” al- 
though no blood lactate levels were 
measured. These peripheral adapta- 
tions may explain the improved exer- 
cise time in the exercise group of pa- 
tients with cystic fibrosis without an 
accompanying significant improve- 
ment in the measured Vo, max. 
Orenstein et al reported a group of 
21 patients with cystic fibrosis who 
underwent exercise training for a 
three-month period and compared 
them with ten control patients. By the 
12th week the patients were jogging 
for 30 minutes per session. The exer- 
cise group had a significant increase in 
exercise tolerance as well as Vo, max 
when compared with the control 
group. There was no change, however, 
in the pulmonary function during the 
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study. It is possible that the absence of 
a significant improvement in measured 
Vo, max in our study (predicted Vo, 
max did show 4 significant increase), is 
a result of: (1) the fact that the exercise 
group had a high initial Vo, max 
(56 mL/kg/min); (2) the Vo, was not 
measured during a swimming-exercise 
bout, and/or (3) the exercise intensity 
and duration was less than the protocol 
described by Orenstein et al’; and (4) 
the larger group of Orenstein and co- 
workers® allowed the trend we ob- 
served to achieve statistical signifi- 
cance. Unfortunately, our laboratory 
did not have the necessary equipment 
to conduct Vo, measurements during 
swimming, nor did we feel that these 
young patients could tolerate this pro- 
cedure in the pool. 

One limitation of this study re-ates 
to the calculated Vo, max values. The 
equations used for calculating pre- 
dicted oxygen uptake were developed 
using healthy controls. To our knowl- 
edge there are no studies that have 
correlated the predicted to measured 
Vo, max in a large population of pa- 
tients with cystic fibrosis, so it is diffi- 
cult to state accurately the reliakility 
of the predicted oxygen uptake values. 
Fortunately, the study does include 
the total treadmill time before and 
after the training program. 


CONCLUSION 


Current clinical therapy for the pa- 
tient with cystic fibrosis is designed to 
slow the decline of the individual’s 
physical deterioration and hopefully 
improve his/her quality of life. Based 
on the results of this exercise training 
program, the exercise group showed a 
significant increase in their exercise 
tolerance (P<.05) as well as a statis- 
tically significant improvement in the 
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clinical status of their cystic fibrosis 
(P<.01). Although not clinically 
tested, the exercise patients seemed 
to improve their self-image and self- 
confidence. It would appear from 
these data that a swimming program 
(three to five sessions per week) is an 
excellent form of therapy for improv- 
ing the clinical status and quality of life 
of the patient with cystic fibrosis. 


This study was supported by the Thrasher 
Research Fund. 
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The Pediatric Forum 


This department of AJ DC is devoted to our readers. It is the place for comment, criticism, 
observation, and discussion of “issues of current concern and importance for children’s 
health.” In addition to the usual letters that comment on articles that have appeared in 
previous issues of AJDC, the Editor encourages our readers to express themselves on a 
variety of topics and issues that are considered to be important and that deal with current 
problems and other matters bearing on the health and welfare of children. Further, we 
encourage the submission of unique and brief clinical and scientific observations that do 
not fulfill the criteria for original articles. The latter contributions will be judged 
editorially, and may well be peer-reviewed in the usual fashion, or examined critically by 
our editorial staff in Tucson. Obviously, some may not be accepted for publication. 

Acceptance of submitted letters will be contingent on both acceptability and space 
available. The reader should submit double-spaced copy clearly marked “for publication” 
and signed by all authors. References, if included, should conform to the usual JOURNAL 
format. The maximum length of any contribution should be 500 words. Copyright 
assignment, signed by all authors, must accompany the original submission. The Editor 
reserves the right to edit all submissions. Although we will not impose a strict time limit on 
letters that apply to published articles in AJDC, in general these should be received within 
six weeks of publication of the article. 


Organized Medicine and the Border 


Sir.—One would think that profes- 
sional medicine is enough of an activity 
without the need to be concerned 
about the trials of foreign countries 
and the tribulations of migration: that 
border problems are for politicians and 
sociologists; that if foreigners are 
poor, it is their problem (“let them eat 
cake”); that the diseases they have are 
their problem; that to avoid bank- 
ruptcy we need to prevent them from 
using our hospitals; and that the role of 
physicians is to educate people about 
the perils of traveling “on the other 
side.” 

Over the past several years, I have 
collected observations like these. I 
wonder to what extent these are ex- 
pressions of a cultural process that 
shows the ugly head of xenophobia and 
alienation from the rest of the world 
(the world of the poor). 

Poverty of nations and their borders 
with wealthy neighbors are not acts of 
nature, but of man. Some years ago, in 
reply to a remark on the actions of the 
poor in India, Gandhi said that “pov- 
erty is the worst form of violence”; in 
no other place is that form of violence 
more offensive than in the zone of 
contrast between the powerful and the 
poor. The consequences of the acts of 
man have been, for many a catastro- 
phe, so tragic and on so large a scale 
that it boggles the mind. The border is 
a political, social, and biologic entity 
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with which our lack of involvement is 
inappropriate and inconsistent with 
both our professional and moral codes. 

In a way, the task of the physician is 
the same as the task of all others 
around borders. We must promote the 
right political actions that permit the 
healing of individuals, families, and 
communities. In any case, the task is 
one of ethical and reasonable actions to 
promote the common good. It is rea- 
sonable to contend that the medical 
profession ought to provide society 
with expertise unique to our discipline 
to enter and be an integral part of 
debates over the right and good heal- 
ing conditions for individuals, famil- 
ies, and communities on any side of any 
border. 

With the medical profession worried 
sick over problems of malpractice, 
cost-effectiveness, and medical educa- 
tion reform, why should it risk so- 
ciopolitical actions aimed at the estab- 
lishment of the right and good healing 
conditions across the borders? The 
politics of borders receive scant or no 
attention from organized medicine. 
Yet, catastrophic and violent acts of 
poverty undermine the very essence of 
the principles of right and good healing 
that we solemnly proclaim to promote. 
Where is the great medical wisdom in 
the shaping of public policy regarding 
serious matters of public health across 
borders? In my opinion, physicians 
have to find a way to promote the right 
and good healing for all individuals in 


concert with the expressed and im- 
plied duties of our profession. Our po- 
litical philosophy should be based on a 
strong political commitment to all as- 
pects of our ethical and moral codes, 
applied to all individuals. The dis- 
charge of our duties needs to be wise 
and socially acceptable: wise about 
politico-medical problems which de- 
mand the study and understanding 
that we devote to all other threats 
against our peoples; and socially ac- 
ceptable as the actions we take to cure 
the ills of patients in the sanctuary of 
our offices and clinics but expressing 
our healing art with political rather 
than patient interactions. 

What better way to demonstrate our 
worth as a profession of the healing 
arts than to participate in the promo- 
tion of the right and good health inter- 
ests of all individuals. Organized medi- 
cine has a record of many achieve- 
ments of great relevance, and yet the 
tragedy of children suffering continues 
on the other side of the fence. Let’s 
gather our strengths and work toward 
the right and good of individuals whose 
lives and needs are the same as ours 
but who happen to come and go across 
that fence. 


SERGIO A. BUSTAMANTE, MD 
Department of Pediatrics 
Arizona Health Sciences Center 
University of Arizona 

1501 N Campbell 

Tucson, AZ 85724 
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The Neglected and Abused 
Children on Indian Reservations: A 
Low-Priority, Nonvocal Group With 
Few Vocal Advocates 


Sir.—Drawing attention to the high 
incidence of child neglect and abuse on 
many Indian reservations in the 
United States is long overdue. Too 
many children on the reservations will 
never come close to developing their 
God-given potentials because of ex- 
treme emotionally and morally impov- 
erished family and home situations. 
The healthy, child-rearing concept in- 
volving the “extended family,” tradi- 
tionally an admirable trait among the 
Native American people, is now un- 
commonly to rarely noted. On the 
Standing Rock Indian Reservation, 
Fort Yates, ND, where I have worked, 
there is an incredibly high 70% alco- 
holism rate and an astronomically high 
80% to 90% unemployment rate. The 
physical and emotional problems many 
of these children incur because of the 
poor social and home situations are of a 
magnitude that a lot of people would 
have to see to believe. 

In any society, if an abnormal situa- 
tion continues for a long enough period 
of time, the people in that society may 
begin to perceive that abnormal state 
as a state of normalcy. I feel that 
because the incidence of child neglect 
and abuse has been so high for such a 
long time, too many people have be- 
come callous and indifferent about the 
children’s well-being and fail to recog- 
nize the catastrophic, negative impli- 
cations of child neglect on today’s soci- 
ety and future generations. 

The first necessary step in delineat- 
ing the probable multifactorial origin 
of child neglect and abuse on the In- 
dian reservations is to acknowledge 
the seriousness and extent of the prob- 
lem. Only then will concerned groups 
be able to formulate rational, effica- 
cious approaches to this serious, pres- 
ently understated social issue, which 
has already and is continuing to need- 
lessly leave in its wake too many emo- 
tionally and physically scarred and 
mentally handicapped Native Ameri- 
can children. 

Hopefully, by becoming more 
acutely aware of the high incidence and 
the too often inept handling of the child 
abuse and neglect cases on the Indian 
reservations, the needless physical 
and emotional demise of these children 
can someday be eliminated. Let us 
strive to give these children the pro- 
tection and support that they deserve. 
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It is also my hope that, by making the 
public aware of this grave issue, a 
strong public outcry against the in- 
justices being perpetrated against the 
Indian children on the reservations 
will prompt federal and state authori- 
ties and, especially, local Indian au- 
thorities on the reservations into deal- 
ing with this issue in an objective, 
constructive, and genuinely concerned 
manner. 

ALBERT F. DINiIcoLa, MD 

496 Sherwood Way #2 

Menlo Park, CA 94025 


Neonatal Relapsing Fever in 
Rwanda 


Sir.—We read with interest the article 
by Yagupsky and Moses’ on neonatal 
relapsing fever. We describe our expe- 
rience with one case of neonatal 
Borrelia species infection in a Rwan- 
dese newborn and his favorable out- 
come under antimicrobial therapy. 


Patient Report.—A 15-day-old male in- 
fant, weighing 2.900 kg, was hospitalized in 
the Centre Hospitalier de Kigali, Rwanda, 
for fever, jaundice, and purpura of two days’ 
duration. On physical examination, the 
child was febrile (temperature, 38.5 °C), 
icteric, and floppy. His liver and spleen 
were palpable 3 cm below the costal 
margin. Purpura was observed on the abdo- 
men and four limbs. His blood cell count 
was as follows: hemoglobin level, 11.7 g/dL; 
white blood cells, 17,100/cu mm; segmented 
neutrophils, 35%; lymphocytes, 52%; and 
monocytes, 13%. The serum glutamic-ox- 
aloacetic transaminase level was 870 IU/L; 
the serum glutamic-pyruvic transaminase 
level was 690 IU/L. Cerebrospinal fluid was 
slightly hemorrhagic but otherwise nor- 
mal. Blood culture was sterile. Thick-drop 
examination showed a high concentration of 
Borrelia organisms. 

The patient was immediately treated 
with ampicillin, 200 mg/kg/day intra- 
venously. Therapy was changed to peni- 
cillin, 50,000 units/kg/day intravenously 
after a few hours, when the thick-blood 
result was obtained. The child improved 
quickly and was discharged, in good gen- 
eral status, after ten days of hospitaliza- 
tion. His mother had a history of fever and 
malaise in the days prior to delivery in a 
rural hospital. However, repeated blood 
examinations of the mother during hospi- 


talization did not disclose Borrelia 
organisms. 
Comment.—Tick-borne relapsing 


fever is an endemic disease in some 
areas of Rwanda, often provoking 
abortion, premature birth, and some- 
times fatalities.” Moreover, one case of 
neonatal relapsing fever from 
Rwanda, not cited by Yagupsky and 


Moses, was recently reported.* We be- 
lieve that early recognition of this over- 
looked disease, together with appro- 
priate antibiotic therapy, could change 
the poor prognosis associated with 
neonatal Borrelia infections. 
PHILIPPE LEPAGE, MD 
MELANIE NTAHORUTABA, MD 
Jos BocaERTS, MD 
Centre Hospitalier de Kigali 
BP 655, Kigali, Rwanda 


1. Yagupsky P, Moses S: Neonatal Borrelia 
species infection (relapsing fever). AJDC 1985; 
139:74-76. 

2. Goubeau PF, Munyangabo C: Fiévre 
récurrente à tiques et grossesse: Une étude 
clinique au Rwanda. Ann Soc Belge Med Trop 
1983;63:347-355. 

3. Goubeau PF, Munyangabo C: Fièvre récur- 
rente congénitale à Borrelia duttoni: A propos 
d’un cas au Rwanda. Ann Soc Belge Med Trop 
1983;63:367-369. 


In Reply.—The case of late-onset neo- 
natal Borrelia sepsis reported by Le- 
page et al has many features in com- 
mon with the two cases we described. 
However, the clinical course of their 
patient was benign, whereas the two 
neonates from Israel died. Although 
Borrelia species are sensitive to a vari- 
ety of drugs including the penicillin 
group, the tetracyclines, and chlo- 
ramphenicol,' the overall mortality in 
the neonatal age group remains unusu- 
ally high: of the six reported cases in 
neonates treated with antibiotics, 
three patients died. This poor outcome 
seems to be related to the severe meta- 
bolic disturbances, the coagulation 
defects, and the endotoxic shock ob- 
served in the affected neonates. 

The two reports, one from Israel and 
the other from an African country, 
help us to remember that Borrelia 
infections are distributed worldwide. 
This possibility should therefore be 
considered in the differential diagnosis 
of sepsis in neonates in endemic areas. 

PABLO YaGuPsky, MD 
Department of Pediatrics 
Soroka Medical Center 
Beersheba, Israel 

1. Southern PM, Sanford JP: Relapsing fever: 


A clinical and microbiological review. Medicine 
1969;48:129-149. 


Participation of Athletes 
With One Testicle 


Sir.—Most articles about prepartici- 
pation examination of athletes’ discuss 
examination of the joints, muscles, and 
internal organs, but conclude that 
youngsters with only one testicle 
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should be excluded from participation 
in sports. 

The male has long treasured his 
gonads; indeed, they have been termed 
“the family jewels.” Whenever a man or 
boy is injured, the first thing he checks 
or asks about is the status of his 
gonads. 

The testicles were one of the first 
structures to be completely encased in 
steel, aluminum, or plastic to provide 
the ultimate in protection, as they 
should be. However, common athletic 
injuries include those to the ankle, 
knee, hip, spine, clavicle, and long 
bones, followed by injuries to the 
head, spleen, and heart. I have never 
heard mention of an athletic injury 
leading to loss of the gonads. 

This being the case, why do we ex- 
clude athletes who have only one testi- 
cle, protected by proper equipment, 
from participating in sports? Are we 
really that chauvinistic? What scien- 
tific basis is there for this practice? I, 
for one, believe that these athletes 
should be allowed to compete. 

MARTIN C. UsHkow, MD 
600 E Genesee St 
Syracuse, NY 13202 


1. DuRant RH, Seymore C, Linder CW, et al: 
The preparticipation examination of athletes: 
Comparison of single and multiple examiners. 
AJDC 1985;139:657-661. 


In Reply.—We appreciate Dr Ush- 
kow’s concern about excluding other- 
wise healthy athletes from participat- 
ing in contact sports simply because 
they have only one testicle. Kulund' 
stated that some physicians will allow 
such youngsters to engage in contact 
sports on the assumption that injury to 
a testicle is rare if an athletic sup- 
porter and protective cup are worn. 
Kulund recommended that if an ath- 
lete with one testicle is allowed to 
participate, the athlete, his parents, 
and the school authorities should be 
informed of the risk to the remaining 
healthy testicle. 

We take a similar approach when 
performing preparticipation examina- 
tions on our athletes. If an athlete is 
found to have only one testicle, 
whether due to surgical removal, mal- 
descent, or atrophy, the athlete and 
the coach are advised of the risk of 
injury to the healthy testicle. The ath- 
lete and his parents then make their 
own decision about whether he should 
participate in that particular sport or 
choose another sport with a lower risk 
of testicular injury. As we pointed out 
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in our article, following counseling, 
the two students found to have only 
one testicle chose not to participate in 
contact sports. They apparently trea- 
sured their remaining “family jewel” 
with the same anxious concern that, as 
Ushkow pointed out, man has histor- 
ically given to these organs. 
RosBert H. DURANT, MA 
CHARLES W. LINDER, MD 
CAROLYN SEYMORE, MD 
SUSAN JAY, MD 
Department of Pediatrics 
Medical College of Georgia 
Augusta, GA 30912 


1. Kulund DM: The Injured Athlete. Philadel- 
phia, JB Lippincott Co, 1982, pp 24-25. 


In Reply.—Perhaps Dr Ushkow is 
somewhat overstating the case of ex- 
clusion from sport participation be- 
cause of absence of one testicle. The 
Sports Medicine Committee nearly 20 
years ago stated that the absence of 
one of any of the paired organs should 
raise questions regarding the partici- 
pation in collision sports. This in- 
cluded absence of an eye, lung, kidney, 
or testicle and the sports such as 
American football, ice hockey, wres- 
tling, and lacrosse. Since that time, 
epidemiologic studies of sport inju- 
ries, clinical experience, and in many 
ways a changing sport scene have com- 
bined to prompt most physicians to 
avoid excluding sport participation for 
individuals missing one of the paired 
organs and to provide informed coun- 
sel to prospective athletes and their 
parents regarding risks, equipment 
for protection, and sport alternatives. 
In the presence of informed serious 
concern, early direction to appropriate 
noncollision sports is extremely im- 
portant. 

The appropriately counseled young 
athlete with a single testicle should be 
able to make an informed choice about 
sport activities knowing that he has no 
“spare part” and that testicle replace- 
ment transplant is not feasible (in the 
absence of an identical twin brother). 
In the report by DuRant et al, it 
appears that such a procedure of in- 
formed counseling was followed with 
the two young men with single testi- 
cles. 

For any young man or woman with a 
chronic health problem, whether or 
not it involves damage or lack of one of 
the paired organs, inclusion of active 
sport participation, rather than its ex- 
clusion, into their life-style is the im- 


portant health care goal and medical 
responsibility in overall care. 
NATHAN J. SMITH, MD 
Division of Sports Medicine 
University of Washington, GB-15 
Seattle, WA 98105 


Conditions in Nicaragua 
and Honduras 


Sir.—Concerning Dr Schlenker’s let- 
ter’ in the May 1985 AJDC, I, too, am 
one of the “growing number of US 
physicians who are becoming inter- 
ested in the medical conditions of our 
nearby neighbors in Central America.” 
I have not attended a medical con- 
ference in Nicaragua nor been on one 
of the seemingly popular “fact-finding 
tours” there, but I have spent more 
than four months in northeastern Hon- 
duras, about 40 miles from the Nicara- 
guan border, working among the Mis- 
kito Indian people. The tens of 
thousands of refugees there have a 
quite different perception of condi- 
tions in Nicaragua than does Dr 
Schlenker. 

The Miskito, the largest of the In- 
dian groups of the Caribbean coast- 
lands, are a devout and independent 
people. During the revolution, they 
were originally aligned with the San- 
dinistas, but, shortly after the Sandi- 
nistas took power, the Miskito leaders 
were gathered together on a false pre- 
text and imprisoned. This was followed 
by massacres of unarmed villagers, 
incidents of torture, and the wide- 
spread burning of Indian villages, in- 
cluding homes, crops, schools, books, 
and churches. A large mission hospital 
in Bilwaskarma was converted into a 
Sandinista military base. A Miskito 
surgeon, who has since escaped, was 
imprisoned for the “crime” of listening 
to the “Voice of America” radio broad- 
casts. First, the educators and leaders 
(some of whom became contra leaders) 
and then the general population fled 
the country to safety in Honduras. 
Men, women, and children brought 
only what they could carry through the 
jungles and swampland. Many died en 
route. Some of those who did not es- 
cape have been forcibly relocated from 
their homes to camps where there is 
little freedom or communication with 
the outside. Refugees continue to flee 
Nicaragua, though it has become more 
difficult to leave the country. As one 
can imagine, the health problems 
among the refugees are many. 

As usual, in this and similar situa- 
tions, the children are hurt the most. 
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For this reason, pediatricians should 
be especially aware of and involved in 
the issues of health care in the develop- 
ing world. The State of the World’s 
Children 1984 contains statistics and 
excellent discussions of UNICEF's 
four primary strategies to reduce child 
mortality in the third world, namely, 
growth monitoring, oral rehydration 
therapy (ORT), breast-feeding, and 
immunization. These low-cost strate- 
gies have already resulted in apprecia- 
ble health gains for children in many 
countries. 

Dr Schlenker referenced this publi- 
cation when he noted Nicaragua’s suc- 
cess with the promotion of ORT. I 
would like to add that Honduras has 
also very successfully promoted ORT 
and has had a 40% decline in mortality 
due to diarrhea. Dr Schlenker failed to 
mention this in his comparison of Nica- 
raguan and Honduran health, al- 
though these statistics are found right 
beside those of Nicaragua in the same 
reference. 

However, whatever the official 
health care statistics of any govern- 
ment may be, I would advise caution 
against using them as a sole basis for 
foreign policy decisions. The concept 
of health does not mean only physical 
lack of disease, but also mental, emo- 
tional, and spiritual well-being— 
which certainly must include freedom 
and self-determination. When thou- 
sands of people have given up every- 
thing they own to escape from a par- 
ticular government, I would hesitate 
to advocate, in the name of health, 
policies that support that govern- 
ment’s political aims. 

LEAH M. WILLSon, MD 

The Children’s Mercy Hospital 
24th at Gillham Rd 

Kansas City, MO 64108 

1. Schlenker TL: United States physicians in 
Nicaragua. AJDC 1985;139:440. 


2. Grant JP: The State of the World’s Children 
1984. New York, Oxford University Press, 1983. 


In Reply.—Dr Willson cautions 
against sole reliance on statistics when 
making judgments on US foreign pol- 
icy. I quite agree but would add that, 
as we all learned in medical school, 
even more caution should be used 
when dealing with anecdotes. The 
story about a physician being jailed for 
listening to “Voice of America” is un- 
convincing to anyone who is aware 
that, in Nicaragua, it is common to 
tune in broadcasts from all over the 
hemisphere, one of the more popular 
items being US baseball games. 
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With regard to Hospital Bilwas- 
karma, the hospital, located im the 
northeastern corner of Nicaragueé, was 
attacked and partially destroyed by 
Honduras-based contra forces in 1982. 
It was then closed down by the San- 
dinistas, who felt they could no lenger 
defend it. Attacks by the contras on 
health care facilities and personnel 
should not be considered flukes. 
Rather, they are part of a major strat- 
agem used to terrorize the civilian 
population (Washington Post, March 
7, 1985). In the last four years, these 
“freedom fighters” have destroyed 54 
health centers of various types, <illed 
31 health workers (including two vol- 
unteer Western European physicians), 
and kidnapped 15 others (Garfield R, 
Siegel D: Health and the War Against 
Nicaragua 1981-1984). 

The Miskito Indians, one of five eth- 
nic minorities living on Nicaragua's 
eastern coast, have a long and complex 
history. They played no role in the 1979 
revolution that ended 50 years cf dic- 
tatorship under the Somoza family. 
Many did not even know it occurred. 
Often, the representatives of the new 
government in Managua (the Sandi- 
nistas), who arrived from the West 
with enthusiastic plans to integrate 
the historically isolated East into the 
process of national reconstruction, 
were young, poorly informed, suspi- 
cious, overly aggressive, and, in some 
eases, clearly abusive. The Sandi- 
nistas now admit this and have tried, 
convicted, and imprisoned the abusers 
(including military officers). Tais is 
quite a contrast to the phony justice of 
El Salvador, where they are still 
“searching” for the murderers of Arch- 
bishop Romero. In the meantime, in 
Nicaragua, agricultural projects, clin- 
ics, and schools (with classes taught in 
the Miskito language) dot the region 
where the Miskito live. 

Still, the Miskito population is di- 
vided. Although some of their leaders, 
like Dr Myrna Cunningham (health 
director of the region of Zelaya and a 
kidnap victim herself), play a major 
role by representing their people be- 
fore the newly elected nationa. con- 
gress, others have crossed over =o the 
contra. One can best understand the 
situation by recalling how other ethnic 
minorities (like the hill tribesmen of 
Vietnam) have so often been manipu- 
lated by outside powers to attack their 
own countrymen. 

On a more personal note, I have seen 
much of Central America over th2 past 
several years while working as a physi- 


cian in southern Mexico, Guatemala, 
and Nicaragua, and I have learned to 
become more realistic about the value 
of my own individual efforts. In 1981, I 
spent five months in rural Nicaragua, 
visiting and caring for children in 
farm-based day-care centers. Since 
then, most of those centers have been 
destroyed by the contras. Those 
rickety shacks filled with preschoolers 
had no strategic importance; yet, such 
is the war being waged. I find that 
what little good I was able to do has 
been undone many times over by the 
cruel and unjust foreign policy of my 
own government. 

THOMAS L. SCHLENKER, MD 

3510 W Burnham St 

Milwaukee, WI 53215 


Correct Latin Spelling 


Sir.—I am unaware of the anomaly of a 
girl having more than one large lip of 
the vulva on the same side of her body, 
as in “left labia majora.” I think the 
authors' wanted to use the singular 
form of this Latin noun and adjective, 
“labium majus.” 

From the same ancient language, 
the correct spelling of the title of the 
consul of Rome is Caesar. Although 
medical dictionaries disagree, it seems 
proper that the name of the surgical 
operation to remove an infant from the 
uterus should only be spelled this way. 

Perhaps AJDC will start a small 
compaign in defense of Latin. 

LEONARD Levy, MD 
Limestone Professional Building 
6836 E Genesee St 
Fayetteville, NY 13066 

1. Jones JG, Yamauchi T, Lambert B: Tricho- 


monas vaginalis infestation in sexually abused 
girls. AJDC 1985;139:846-847. 


In Reply.—We appreciate Dr Levy’s 
comments, which are indeed correct. 
Obviously, he has retained a greater 
awareness of Latin than have the au- 
thors. 
JERRY G. JONES, MD 
TERRY YAMAUCHI, MD 
BRENDA LAMBERT, RN 
Department of Pediatrics 
Arkansas Children’s Hospital 
804 Wolfe St 
Little Rock, AR 72202 


Apgar Scores and Cerebrospinal 
Fluid B-Endorphinlike 
Immunoreactivity 


Sir.—We were interested to read the 
article in the April issue of AJDC by 
Laungani and colleagues’ about the 
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First 3 days, asphyxia 
First 3 days, no asphyxia 
First 24 hr, asphyxia 

First 24 hr, no asphyxia 


correlation between Apgar scores and 
cerebrospinal fluid (CSF) ßB-endor- 
phinlike immunoreactivity. Their re- 
sults are very similar to the observa- 
tions of my colleagues and I in a 
comparable group of neonates.’ We, 
however, found no correlation between 
one-minute Apgar scores and B-endor- 
phinlike immunoreactivity from CSF 
taken in the first 24 hours or three 
days of life, as found by Dr Laungani. 
We did, however, find a statistically 
significant difference between those 
neonates who were judged to have 
been asphyxiated during delivery and 
those not asphyxiated (Table). Our cri- 
teria for designating a neonate as be- 
ing asphyxiated was not simply from 
Apgar scores, as they have been shown 
to correlate poorly with asphyxia,*" 
but was also from any maternal and 
fetal complications during labor and any 
postnatal signs of asphyxia in the neo- 
nate. The three-day period was chosen 
because it is within this time that signs 
of recovery from birth asphyxia de- 
velop and subside in the neonate.’ 
Davip Topp, FIMLS, MSc 
Department of Paediatrics/ 
Pharmacology Unit 
The Parrmatta Hospitals 
Westmead Hospital 
Westmead, New South Wales, 
Australia 2145 


1. Laungani SG, Delivoria B, Gintzler A, et al: 
Apgar scores and cerebrospinal fluid B-endor- 
phinlike immunoreactivity during the first day of 
life: Preliminary observations. AJDC 1985; 
139:403-404. 

2. Burnard ED, Todd DA, John E, et al: B-En- 
dorphin levels in newborn cerebrospinal fluid. 
Aust Paediatr J 1982;18:258-263. 

3. Elliott EJ, Henderson-Smart DJ: Umbilical 
cord arterial pH, Apgar scores and neonatal 
outcome in preterm infants, abstracted. Aust 
Paediatr J 1983;19:123. 

4. Sykes GS, Johnson P, Ashworth F, et al: Do 
Apgar scores indicate asphyxia? Lancet 1982;1: 
494-496. 

5. Desmond MM, Kay JL, Megarity AL: The 
phases of ‘transitional distress’ oceurring in neo- 
nates in association with prolonged umbilical 
cord pulsations. J Pediatr 1959;55:131-151. 
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In Keply.—We appreciate the com- 
ments of Dr Todd and certainly agree 
with him that there is an inexact cor- 
relation between the one-minute 
Apgar score and the degree of peri- 
natal asphyxia. However, since only 
three of the infants in our study had 
clinical evidence of severe asphyxia 
that required prolonged resuscitation, 
we were unable to analyze statistically 
the relationship between clinical as- 
phyxia and CSF ßB-endorphinlike im- 
munoreactivity. The only usable mea- 
surement we had with which we could 
do our correlation was the one-minute 
Apgar score. 
LEONARD GLAss, MD 
SHEELA G. LAUNGANI, MD 
Department of Pediatrics 
Box 49 
Downstate Medical Center 
450 Clarkson Ave 
Brooklyn, NY 11208 


Late-Onset Neonatal 
Hypocalcemic Tetany 


Sir.—I read with interest the recent 
article by Venkataraman et al.’ In Jan- 
uary 1985, I encountered a similar pa- 
tient who developed late-onset hypo- 
calcemia, hyperphosphatemia, and 
tetany and who responded well to cal- 
cium supplementation and a change to 
a low-phosphate formula (Ross PM 
60/40). 


Patient Report.—The patient was born 
to a gravida 4, para 4 mother following a 
pregnancy complicated by gestational dia- 
betes. Her birth weight was 4.9 kg, and 
length was 54.5 cm (both greater than the 
95th percentile). She was fed a humanized 
cow milk formula (Similac with Iron) and 
had no documented hypoglycemia or poly- 
cythemia while she was in the nursery. On 
the third day of life, the patient’s mother 
noticed one episode of rhythmic head 
twitching that lasted for 10 to15s. No other 
abnormal movements were noted in the 
nursery. On the fourth day of life, the 


patient’s mother noticed rhythmic jerking 
of the right arm and leg lasting about 15 s. 
On the fifth day of life, the patient exhibited 
generalized twitching of both arms and legs 
without stiffening and was evaluated in the 
emergency room, where she was alert and 
fed well, and where an examination yielded 
normal results. Her sodium (144 mEq/L), 
glucose (67 mg/dL), and magnesium 
(1.9 mg/dL) levels were all within the nor- 
mal limits for the hospital laboratory. Her 
calcium level was 7.6 mg/dL, and her 
ionized calcium level was 3.64 mg/dL (nor- 
mal range, 4.75 to 5.2 mg/dL). She was 
admitted to the community hospital for 
further evaluation and had another episode 
of generalized twitching lasting 30 s. Lum- 
bar puncture demonstrated normal spinal 
fluid, and an electroencephalogram was 
normal. She was treated with intravenous 
calcium gluconate and later, on the first 
hospital day, her calcium level was 
10.0 mg/dL with a phosphorus level of 
10.3 mg/dL. She continued to receive 
Similac with Iron formula and was given 
oral calcium gluconate supplements 
(47 mg/kg/day). Despite this, on the second 
hospital day, her calcium level fell to 
7.4mg/dL, and the calcium supplement was 
increased to 70 mg/kg/day. Late on the 
second hospital day, she was switched to 
Ross PM 60/40 formula. The following day, 
her calcium level was 9.2 mg/dL with a 
phosphorus level of 8.1 mg/dL. Following 
the switch to a low-phosphate formula and 
the introduction of oral calcium supple- 
ments, the patient had no additional 
episodes of tetany, hypocalcemia, or hyper- 
phosphatemia. Calcium gluconate supple- 
ments were quickly decreased over the 
next week, and she continued to receive 
Ross PM 60/40 formula until she was 7 
weeks of age. She has since returned to 
Similae with Iron formula and has had no 
recurrence of symptoms, 


Comment.—Though this infant had 
the additional risk factor of maternal 
gestational diabetes, I found it inter- 
esting that she developed late-onset 
hypocaleemic tetany while being fed 
Similac with Iron formula and that her 
condition promptly resolved when she 
was switched to a low-phosphate for- 
mula. I wonder if any other pediatri- 
cians have noticed similar cases re- 
lated to Similac with Iron or other 
relatively high-phosphate formulas. 

JOHN D. BANCROFT, MD 
Department of Pediatrics 
The Monroe Clinic 

1515 Tenth St 

Monroe, WI 53566 


1. Venkataraman PS, Tsang RC, Greer FR, et 
al: Late infantile tetany and secondary hyper- 
parathyroidism in infants fed humanized cow 
milk formula. AJDC 1985;139:664-668. 
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for Authors & Editors. This 1981 edition, formerly the Stylebook/ 
Editorial Manual of the AMA, is available from Lange Medical 
Publications, Drawer L, Los Altos, CA 94023. Single copy price: 
$13. Discounts are 10% for three to five copies and 15% for six or 
more copies. A shipping charge is added on all orders. 

6. Each article should have a single title limited to 75 characters. 
The title page should include the full names and academic affilia- 
tions of all authors, the address to which requests for reprints 
should be sent, and, if the manuscript was presented at a meeting, 
the name of the organization, place, and exact date on which it was 
read. 

7. All original articles must have an abstract limited to 135 
words or less. For good abstract form, see M. T. Southgate’s editor- 
ial, “On Writing the Synopsis-Abstract” (JAMA 1972;222:1307). 

8. If a report includes human subjects, a specific statement 
must be included in the “Methods” section. The statement must in- 
dicate that an appropriate institutional review board approved the 
project and/or that informed consent was obtained from both par- 
ents, legal guardian, or child (if appropriate) after the nature of the 
procedure(s) had been fully explained. 

9. For illustrations, submit only high-contrast glossy prints in 
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triplicate, unmounted and untrimmed. Preferred size is 12.7 x 17.3 
em (5 x 7 in). Figure number, name of first author, and arrow indi- 
cating “top” should be typed on a gummed label and affixed to the 
back of each illustration. Do not write directly on print. Lettering 
must be legikle after reduction to column size. Magnification and 
stain should be provided for histologic sections. 


For illustrations in full color, submit 35-mm, positive color trans- 
parencies, mounted in cardboard and carefully packaged. Do not 
submit glass-mounted transparencies; do not submit color prints. 
The fee is $400 for up to six square-finished color illustrations that 
can be arranged on one page. A letter of intent to pay the fee must 
accompany submission. 


A signed statement of consent from both parents (or guardians) 
or the persons involved must accompany all photographs of pa- 
tients in which a possibility of identification exists. It is not suffi- 
cient to cover the eyes to mask identity. 


Legends for illustrations should be typed double-spaced, begin- 
ning on a separate sheet of paper (40-word maximum for each). 


10. Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6 x 27.9-cm paper. If a table 
must be continued, use a second sheet and repeat all heads. Each 
table must have a title. 


11. In acknowledgments, illustrations and tables from other 
publications must be suitably acknowledged, and accompanied by 
written perm:ssion from publisher and author. Authors may wish 
to acknowledge specific contributors at the end of the text and be- 
fore the references. Such acknowledgments should be brief and ap- 
ply only to these directly involved in the content of the manuscript. 
General acknowledgments will be deleted. 


12. References should be listed in order of their appearance in 
the text, and typed double-spaced, in the following manner: 


1. Applebaum MM, Thaler MM: Reye syndrome without initial hepatic in- 
volvement. AJDC 1977;131:295-296. 


Do not include unpublished data, personal communications, or 
manuscripts ‘in preparation” or “submitted” in the list of refer- 
ences. Such material, if essential, may be incorporated in the body 
of the article. 


Special Submissions 

1. Letters to the Editor are encouraged. We prefer correspon- 
dence referrir.g to published material, but will consider all letters 
to the editor. Limit, 500 words. Submit in triplicate, double- 
spaced, and clearly marked “For publication.” Copyright assign- 
ment required. 


2. Case Reports: We discourage submission of single case re- 
ports unless they are fully discussed and represent new findings. 
We will return case reports that simply add another example of a 
well-known prkenomenon. Case reports, therefore, should conform 
in every way tə the items in the “Manuscript Preparation” section. 
Copyright assignment required. Previous descriptions of Clinical 
Memoranda are no longer applicable. 


3. Editoria's: These are usually solicited by the editorial staff. 
Spontaneously submitted editorials will be reviewed and consid- 
ered, but will have a lower priority than those requested specifi- 
cally. Copyright assignment required. 


4. Reviews: Review articles are almost always solicited. Spon- 
taneously submitted reviews are discouraged and seldom will be 
considered. Two departments of AJDC will be regular features and 
will contain sclicited review articles. These are FROM RESEARCH 
TO RELEVANCE and EDUCATIONAL INTERVENTIONS. If an author 
wishes to have us consider a manuscript for these departments, he/ 
she should describe the project in a letter to the editor; do not 
submit a manuscript. Copyright assignment required. 
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DESCRIPTION: The active ingredient of 

INTAL Inhaler is cromolyn sodium. 

sodium is the disodium salt of 1, 3 bis (2- 

carboxychromon-5-yloxy)-2-hydroxypropane. 
sodium has a molecular weight of 

512.34. Cromolyn sodium is soluble in water. 

The molecular structure of cromolyn sodium is: 


NaQOC O._COONs 
ie 
O O-CH,-CH-CH,-O O 


INTAL Inhaler is a metered dose aerosol 
unit for oral inhalation containing micronized 
cromolyn sodium, sorbitan trioleate with di- 
chlorotetrafluoroethane and dichiorodifluoro- 
methane as propellants. Each metered spray delivers to the patient approximately 800 mcg of cromolyn sodium. 
Each 8.1g canister delivers at least 112 metered sprays (56 doses); each 14.2g canister delivers at least 200 
metered sprays (100 doses). 

Pharmacological Category: Mast cell stabilizer/antiallergic. 

Therapeutic Category: Prophylactic antiasthmatic; reduces bronchial hyperreactivity. 

CLINICAL PHARMACOLOGY: /n vitro and in vivo animal studies have shown that cromolyn sodium in- 
hibits sensitized mast cell degranulation which occurs after exposure to specific antigens. Cromolyn sodium 
acts by inhibiting the release of mediators from mast cells. Studies show that cromolyn sodium indirectly blocks 
calcium ions from entering the mast cell, thereby preventing mediator release. 

Cromolyn sodium inhibits both the immediate and non-immediate bronchoconstrictive reactions to inhaled 
antigen. Cromolyn sodium also attenuates bronchospasm caused by exercise, toluene diisocyanate, aspirin, 
cold air, sulfur dioxide and environmental pollutants, at least in some patients. 

Cromolyn sodium has no intrinsic bronchodilator, antihistaminic or anti-inflammatory activity. 

After administration of cromolyn sodium capsules by inhalation, approximately 8% of the total cose adminis- 
tered is absorbed and rapidly excreted unchanged, approximately equally divided between urine and bile. The 
remainder of the dose is either exhaled or deposited in the oropharynx, swallowed, and excreted via the alimen- 
tary tract. 

INDICATIONS AND USAGE: INTAL Inhaler is a prophylactic agent indicated in the management of pa- 
tients with bronchial asthma. 

In patients whose symptoms are sufficiently frequent to require a continuous program of medication, INTAL 
inhaler is given by inhalation on a regular daily basis (see Dosage and Administration). The effect of INTAL Inhaler 
is usually evident after several weeks of treatment, although some patients show an almost immediate response. 

if improvement occurs, it will ordinarily occur within the first 4 weeks of administration as manifested by a 
decrease in the severity of clinical symptoms of asthma, or in the need for concomitant therapy, or both. 

In patients who develop acute bronchoconstriction in response to exposure to exercise, toluene diisocyanate, 
environmental pollutants, known antigens, etc., INTAL Inhaler should be used shortly before exposure to the 
precipitating factor, i.e., within 10-15 minutes but not more than 60 minutes (see Dosage and Administration). 
INTAL Inhaler may be effective in relieving bronchospasm in some, but not all, patients with exercise induced 
bronchospasm. 

CONTRAINDICATIONS: INTAL Inhaler is contraindicated in those patients who have shown hypersensitiv- 
ity to cromolyn sodium or other components. 
WARNINGS: INTAL Inhaler has no role in the treatment of an acute attack of asthma, espe- 





cially 

administration. The recommended dosage 

renal or hepatic function. INTAL Inhaler should be discontinued if the patient develops 
eosinophilic pneumonia (or pulmonary infiltrates with eosinophilia). Because of the propel- 
lants in this preparation, it should be used with caution in patients with coronary artery dis- 
ease or a history of cardiac arrhythmias. 

PRECAUTIONS: General: In view of the biliary and renal routes of excretion for cromolyn sodium, consid- 
eration should be given to decreasing the dosage or discontinuing the administration of the drug in patients with 
impaired renal or hepatic function. 

Occasionally. patients may experience cough and/or bronchospasm following cromolyn sodium inhalation. At 

times, patients who develop bronchospasm may not be able to continue administration despite prior bron- 
chodilator administration. Rarely, very severe bronchospasm has been encountered. 
Carcinogenesis, impairment of Fertility: Long term studies in mice (12 months intra- 
peritoneal treatment followed by 6 months observation), hamsters (12 months intraperitoneal treatment followed 
by 12 months observation), and rats (18 months subcutaneous treatment) showed no neoplastic effect of cromo- 
lyn sodium. 

No evidence of chromosomal damage or cytotoxicity was obtained in various mutagenesis studies. 

No evidence of impaired fertility was shown in laboratory animal reproduction studies. 

Pregnancy: Pregnancy Category B. Reproduction studies with cromolyn sodium administered parenterally to 
pregnant mice, rats, and rabbits in doses up to 338 times the human clinical doses produced no evidence of 
fetal malformations. Adverse fetal effects (increased resorptions and decreased fetal weight) were noted only 
at the very high parenteral doses that produced maternal toxicity. There are, however, no adequate and well- 
controlled studies in pregnant women. Because animal reproduction studies are not always predictive of 
human response, this drug should be used during pregnancy only if clearly needed 

Drug Interaction During Pregnancy: Cromolyn sodium and isoproterenol were studied following sub- 
cutaneous injections in pregnant mice. Cromolyn sodium alone in doses of 60 to 540 mg/kg (38 to 338 times 
the human dose) did not cause significant increases in resorptions or major malformations. Isoproterenol alone 
at a dose of 2.7 mg/kg (90 times the human dose) increased both resorptions and malformations. The addition 
of cromolyn sodium (338 times the human dose) to isoproterenol (90 times the human dose) appears to have 
increased the incidence of both resorptions and malformations. 

Nursing Mothers: It is not known whether this drug is excreted in human milk, therefore, caution should be 
exercised when INTAL Inhaler is administered to a nursing woman and the attending physician must make a 
benefit/risk assessment in regard to its use in this situation. 
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Pediatric Use: Safety and effectiveness in chikiren below the age of 5 years have not been established. For 
young children unable to utilize the Inhaler, INTAL Nebulizer Solution is recommended. Because of the possibility 
that adverse effects of this drug could become apparent only after many years, a benefit/risk consideration of 
the long-term use of INTAL Inhaler is particularly important in pediatric patients. 


ADVERSE REACTIONS: In controlled clinical studies of INTAL Inhaler, the most frequently reported adverse 
reactions attributed to cromolyn sodium treatment were: throat irritation or dryness, bad taste, cough, wheeze, 


nausea. 

The most frequently reported adverse reactions attributed to other forms of cromolyn sodium (on the basis 
of reoccurrence following readministration) involve the respiratory tract and are: bronchospasm [sometimes 
severe, associated with a precipitous fall in pulmonary function (FEV1)], cough, laryngeal edema (rare), nasal 
congestion (sometimes severe), pharyngeal irritation and wheezing. 

Adverse reactions which occur infrequently and are associated with administration of the drug are: anaphylaxis, 
angioedema, dizziness, dysuria and urinary frequency, joint swelling and pain, lacrimation, nausea and headache, 
rash, swollen parotid gland, urticaria, pulmonary infiltrates with eosinophilia, substernal buming, and myopathy. 

The following adverse reactions have been reported as rare events and it is unclear whether they are attrib- 
utable to the drug: anemia, exfoliative dermatitis, hemoptysis, hoarseness, myalgia, nephrosis, periarteritic vas- 
culitis, pericarditis, peripheral neuritis, photodermatitis, sneezing, drowsiness, nasal itching, nasal bleeding, nasal 
burning, serum sickness, stomach ache, polymyositis, vertigo, and liver disease. 

OVERDOSAGE: No action other than medical observation should be necessary. 


DOSAGE AND ADMINISTRATION: For management of bronchial asthma in adults and children (S years 
of age and over) who are able to use the Inhaler, the usual starting dosage is two metered sprays inhaled four 
times daily at regular intervals. This dose should not be exceeded. Not all patients will respond to the recom- 
mended dose and there is evidence to suggest, at least in younger patients, that a lower dose may provide 


efficacy. 

Patients with chronic asthma should be advised that the effect of INTAL Inhaler therapy is dependent upon 
its administration at regular intervals, as directed. INTAL Inhaler should be introduced into the patient's therapeu- 
tic regimen when the acute episode has been controlled, the airway has been cleared and the patient is able to 
inhale adequately. 

For the prevention of acute bronchospasm which follows exercise, exposure to cold dry air or environmental 
agents, the usual dose is inhalation of two metered dose sprays shortly, i.e., 10-15 minutes but not more than 
60 minutes, before exposure to the precipitating factor. 


INTAL INHALER THERAPY IN RELATION TO OTHER TREATMENTS FOR ASTHMA: Non-steroidal agents: INTAL 
inhaler should be added to the patient's existing treatment regimen (e.g., bronchodilators). When a clinical 
response to INTAL Inhaler is evident, usually within two to four weeks, and if the asthma is under good control, 
an attempt may be made to decrease concomitant medication usage gradually. 

if concomitant medications are eliminated or required on no more than a prn basis, the frequency of adminis- 
tration of INTAL Inhaler may be titrated downward to the lowest level consistent with the desired effect. The 
usual decrease is from four to three to two inhalations of two sprays per day. It is important that the dosage be 
reduced gradually to avoid exacerbation of asthma. It is emphasized that in patients whose dosage has been 
titrated to fewer than four inhalations per day, an increase in the dosage of INTAL Inhaler and the introduction 
of, or increase in, symptomatic medications may be needed if the patient's Clinical condition deteriorates. 
Corticosteroids: In patients chronically receiving corticosteroids for the management of bronchial asthma, the 

should be maintained following the introduction of INTAL Inhaler. If the patient improves, an attempt to 

decrease corticosteroids should be made. Even if the corticosteroid-dependent patient fails to show sympto- 
matic improvement following INTAL Inhaler administration, the potential to reduce corticosteroids may nonethe- 
less be present. Thus, gradual tapering of corticosteroid dosage may be attempted. It is important that the dose 
be reduced slowly, maintaining close supervision of the patient to avoid an exacerbation of asthma. 

it should be borne in mind that prolonged corticosteroid therapy frequently causes an impairment in the activity 
of the hypothalamo-pituitary-adrenal axis and a reduction in the size of the adrenal cortex. A potentially critical 
degree of impairment or insufficiency may persist asymptomatically for some time even after gradual discontinu- 
ation of adrenocortical steroids. Therefore, if a patient is subjected to significant stress, such as a severe asth- 
matic attack, surgery, trauma or severe illness while being treated or within one year (occasionally up to two 
years) after corticosteroid treatment has beer terminated, consideration should be given to reinstituting cortico- 
steroid therapy. When respiratory function is impaired, as may occur in severe exacerbation of asthma, a tempo- 
rary increase in the amount of corticosteroids may be required to regain control of the patient's asthma. 

it is particularly important that great care be exercised if for any reason cromolyn sodium is withdrawn in cases 
where its use has permitted a reduction in the maintenance dose of corticosteroids. In such cases, continued 
close supervision of the patient is essential since there may be sudden reappearance of severe manifestations 
of asthma which will require immediate therapy and possible reintroduction of corticosteroids. 


HOW SUPPLIED: INTAL Inhaler, 8.19 or 14.2g canister, box of one. Supplied with inhalation adapter and 
patient instructions. 

NDC 0585-0675-01 14.2g canister NDC 0585-0675-02 81g canister 

Store between 2° - 30°C (36° - 86°F). Contents under pressure. Do not puncture or incinerate. Keep out of 
the reach of children. 
CAUTION: Federal law prohibits dispensing without prescription. 


Manufactured for: FISONS CORPORATION One Morey 
BEDFORD, MA 01730 U.S.A Loughborough, England LE11 1EP 
© Fisons Corporation 1985—All Rights Reserved Made in England issued 12/85 
INTAL® is a registered trademark of Fisons plc. FC 7518 
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Editorials 


The SI for American Medicine 


A revolutionary change in the re- 
porting of biologic measurements has 
gradually been evolving. We asked 
Edward Powsner, MD, to provide our 
readers with a commentary on these 
changes. All of the American Medical 
Association journals will be using the 
following schedule in the transition 
from current units to the SI: Begin- 
ning in July 1986 we will report the old 
units with the SI units in parentheses; 
in July 1987 we will report the SI units 
first with the old units in parentheses; 
and from July 1988 onward we will 
report only SI units.—ED. 


Tie metric system has been recom- 
mended in medicine for more than 
100 years.’ What is now proposed for 
the United States is adoption of the 
International System of Units, gener- 
ally called SI. The initials, from the 
French le Systeme International 
d’Unités, and the longer title are new, 
but the system itself is not new. 
Rather, the SI has evolved from our 
customary metric system.’ 

In 1879 the American Medical Asso- 
ciation (AMA) House of Delegates re- 
solved that the metric system be used 
at all its meetings and in its publica- 
tions and requested that medical 
boards of hospitals and faculties of 
medicine do the same.’ The following 
year the president of the AMA quoted 
the Surgeon General of the United 
States on the ease with which the Ma- 
rine Hospital Service had converted.’ 

In 1984, the AMA House of Dele- 
gates, guided by the vote of the AMA 
Council on Scientific Affairs, resolved 
that several portions of the SI should 
be adopted. It is not likely that we will 
soon hear from today’s Surgeon Gen- 
eral, but we have heard from Ontario, 
in which most hospitals converted to 
SI in April 1983 without notable inci- 
dent. Hugh G. McCabe, in his May 
1983 report to the Canadian Inter- 
governmental Conversion Committee, 
called the conversion a “nonevent.” 
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Despite the 1879 resolution of the 
AMA, adoption of the metric system 
was slow. Pharmacy, for example, did 
not become significantly metric until 
about 75 years later. Apothecaries’ 
units were still being used by many 
physicians during and after World War 
II. Some nonmetric usage still per- 
sists. Most adults are weighed and 
measured in pounds and inches and 
their temperatures recorded in de- 
grees Fahrenheit. Pediatrics is more 
commonly metric in these respects. 

It is too soon to know whether che 
response to the 1984 resolution will be 
more rapid. We do note that the 1984 
resolution was preceded by 27 years of 
meetings, reports, proposals, and 
counterproposals growing out of the 
work of the Danish Society for Clinical 
Chemistry and Clinical Physiology.’ 
The response has so far been limited to 
the editors of the AMA journals and to 
committees of the American National 
Metric Council (ANMC). 

In reviewing these proposals, it ap- 
pears that four kinds of quantities have 
caused most of the resistance to the 
adoption of the SI medical units: 
amount of substance, concentration, 
pressure, and energy. For amount of 
substance, the proposal includes adop- 
tion of the mole for reporting most 
chemical substances whose molecular 
weight is known, rather than continu- 
ing with mass in grams; for concentra- 
tion, the proposal is to use the liter 
rather than submultiples of the liter as 
the unit of volume, ie, per liter rather 
than per deciliter; for pressure, 
kilopascal would replace millimeters of 
mercury; and for nutritional energy, 
the joule would be used instead of the 
calorie. 

Proponents of SI point out that it is a 
logical, internally consistent system 
with a variety of advantages to the 
clinician and the scientist.**° Further, 
these proponents say that adoption of 
the SI units will promote international 
uniformity. Some even conclude that 


because most of the world has already 
converted, our adoption of the SI is 
inevitable and that our only option is 
how rapidly to conform. 

From the other side we hear that we 
are already metric, that the changes 
required to convert to the SI are little 
more than tinkering, and that uni- 
formity has little merit if it is uni- 
formly wrong. These opponents be- 
lieve that the expense and the risk of 
changing to the SI units are unjusti- 
fied.° 

The most convincing argument for 
adopting the SI units is the promotion 
of international uniformity and under- 
standing. Advantages for American 
and European readers of each others’ 
journals seem obvious. There are 
commercial advantages to US manu- 
facturers selling in foreign markets. 
Similarly, the College of American Pa- 
thology and others would not be forced 
to maintain two sets of units in their 
quality assurance programs’; manu- 
facturers would not need to provide 
two sets of scales on their instruments. 

Through the continuing debate, 
metric usage in American medicine 
has been changing. In radiology, the 
changes from curie to becquerel (Bq) 
(1 Ci=3.7x10" Bq), from rem to 
sievert (Sv) (lrem=0.01 Sv), and from 
rad to gray (Gy) (1 rad=0.01 Gy) are 
increasingly being accepted. In clinical 
pathology, the change to millimole 
from milhiequivalent is now well ac- 
cepted. This change has no numeric 
effect. Two of the most reasonable 
next steps are among the most contro- 
versial: the adoption of the mole to 
express amount of substance and the 
change to liter without prefix as the 
denominator for all expressions of con- 
centration. The substitution of the 
mole for the gram is the change most 
required for uniformity with Canadian 
and European SI usage. Using glucose 
as the example, 100 mg/dL would be- 
come 5.55 mmole/L. The new number 
with the mole does not resemble that 
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for the gram. In contrast, the use of 
the liter for concentrations alters the 
numeric value by one or more multi- 
ples of ten. For example, a conven- 
tional albumin value of 5.0 g/dL would 
become 50 g/L. 

In cardiopulmonary physiology and 


anesthesiology, the issue remains 
whether to use the kilopascal for pres- 
sure and related units for flow, viscos- 
ity, and so forth. The visible rela- 
tionship to the height of the mercury 
column favors the conventional milli- 
meter of mercury for pressure, and 
there is little support for the kilo- 
pascal.* 

In nutrition and nursing, the 
changes most discussed are extension 
of the use of kilogram and centimeter 
for body measurement and substitu- 
tion of joule (J) for calorie (1 J = 0.2389 
cal). These changes would require pub- 
lie reeducation. 

In the pharmacy it has been pro- 
posed that the mole be used in packag- 
ing and labeling drugs. Of course, 
drugs cannot be “weighed” directly in 
moles; mass must be converted to 
amount by table or calculator. Since 
most drugs are now supplied by the 





manufacturer labeled and ready to dis- 
pense, the conversion would fall to the 
manufacturer, not to the pharmacist. 
The machine printing labels for aspirin 
could be changed to print 1.80 mmole 
just as easily as it now prints 325 mg or 
5 grains. 

Working to resolve the controversy 
and to prepare for proposed changes 
are a number of private and govern- 
mental groups including the ANMC, 
the National Committee for Clinical 
Laboratory Standards, the US Metric 
Board, and its successor, the Office of 
Metric Programs. Under the ANMC'’s 
Medical and Health Coordinating 
Group, the Laboratory Medicine Sec- 
tor Committee, chaired by Donald 
Young, MD, PhD, is refining and ex- 
tending the table of SI units for impor- 
tant medical analytes. Based on this, 
the Professional Journals Sector Com- 
mittee, chaired by Edward Huth, MD, 
is preparing a guide for authors. A 
number of the medical journals repre- 
sented on this sector committee al- 
ready use SI to some extent, and more 
soon will require or assist authors to 
publish results in SI. With this base in 
the medical literature and with the 
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(Computers have become a part of 

some physicians’ everyday ex- 
istence. From simple game playing, 
through financial and other record 
keeping, to access to distant sources of 
information, the computer has pro- 
vided physicians with a modern tool 
with which to streamline their offices, 
their research, and their education. 
Some have eschewed the devices, ex- 
hibiting some elements of what has 
been termed computer phobia. Others 
have dabbled but not sustained their 
interest for a variety of reasons, not 
the least of which is the cost involved, 
both in dollars and in time investment. 
My own view is that the computer is a 
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handy device that can be adapted to 
one’s needs, has no intrinsic “terror” 
once one realizes that it is simply a tool 
that can be put to good use, and that it 
is here to stay. Banks, checkout count- 
ers at supermarkets, airlines, indus- 
trial and academic offices, and a host of 
other applications are visible to us in 
our everyday lives. At a future point I 
will expand on this phenomenon and 
indicate my views of the usefulness of 
the computer and its applications for 
pediatric practice, education, and re- 
search. I will also solicit others to 
speak to specific aspects of computer 
technology and its application in medi- 
cine. For the moment I would like to 


cooperation of the nursing, pharmacy, 
and the other sector committees, 
adoption of the SI should proceed 
steadily. 

EDWARD R. PowsnER, MD 

Departments of Pathology and 

Nuclear Medicine 

St John Hospital 

22101 Moross Rd 

Detroit, MI 48236 
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inform our readers of a new service 
available to them that involves com- 
puter access to AJDC. 

The full text of AJDC is available 
through MEDIS, a Mead Data Central 
on-line computer service. In addition 
to AJDC, 60 journals, newsletters, 
and full texts of books are available, 
including JAMA and all of the 
ARCHIVES (the specialty journals pub- 
lished by the American Medical Asso- 
ciation), the Annals of Internal 
Medicine, American Journal of Medi- 
cine, American Journal of Car- 
diology, Blood, and others. (A full list 
ean be obtained from Mead Data Cen- 
tral.) 
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On access the user can obtain the full 
texts of articles, letters, book reviews, 
and the like, or can obtain abbreviated 
citations as needed. The system is very 
flexible, and, with minimal reference 
to the provided documentation, the 
user can adapt the desired search to 
the level needed, from full text to 
author, title, and publication data. Ac- 
cess can be through the individual ded- 
icated terminals, available from Mead 
Data Central, or by use of a personal 
computer with adequate modem and 
communications software. Mead Data 
Central can provide the latter adapted 
for IBM, AT&T, Apple, or Wang hard- 
ware. The Mead Data Central dedi- 
cated terminal is the one available to 
me, and provides access designed for 
the system, further simplifying the 


ease with which MEDIS can be 
reached, searched, and used. The time 
saved is impressive. 

The use of this system is as easy as 
any that I have seen. The program for 
access is clear, in straightforward En- 
glish, can be used with minimal refer- 
ence to instructions, and is simple to 
operate. Response time is swift, the 
text is easy to read, and, with adapta- 
tion, hard copy can be available. The 
service is relatively costly, but when 
considered against the convenience 
and accessibility, is well worth it. To be 
able to turn to your computer and 
instantly access a wide range of data 
pertinent to some immediate need. or 
to an ongoing educational or research 
effort, eliminates the need for search- 
ing through voluminous files and for 


Beyond the Star Chamber 


Two Disciplines Unite for the Benefit of Children and Parents 


The interaction between law and pe- 
diatrics has been a neglected topic. To 
bridge the gap between the disciplines, 
we invited a prominent judge in the 
juvenile division of the Court of Com- 
mon Pleas, Cincinnati, to share with 
us some of his observations on the 
interaction and potential interactions 
between our disciplines. Judge O’Con- 
nor has responded with an excellent 
commentary, which we are publishing 
in its entirety.—ED. 


N° one can question the tremendous 
advances made by medical science 
in pediatrics in the last 88 years. So 
many dread and killing childhood dis- 
eases have been brought under control 
during this period. And yet, this rela- 
tively short period in the history of 
medicine and law encompasses the 
total length of time from the concep- 
tion to the present expression of juve- 
nile court law in the United States. 
Juvenile courts, as they exist today, 
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were first created in Cook County, 
Illinois, in the 1890s. At that time, the 
basic idea was that children would give 
up certain constitutional rights pos- 
sessed by adults, such as the right to 
jury trial; in turn, children would be 
treated as what they are, children, and 
not as alleged criminals. This gave 
almost unlimited authority to the 
judge. Historically, courts were con- 
cerned with property rights of children 
as opposed to children’s own rights. 

For example, under old English 
common law, the Courts of Wards and 
Livery were concerned with what 
would happen to the real property of 
minor children if both of their parents 
died. The courts were not concerned 
with the child himself. 

For far too long, the disciplines of 
law and medicine have failed to com- 
municate constructively with each 
other. For example, removing any con- 
flicts with pediatricians and juvenile 
court judges but leaving it within the 


keeping all appropriate journals im- 
mediately at hand. Each individual 
will have to determine whether the 
cost in dollars is worth the time saved 
in effort, but for some uses this type of 
information retrieval is unparalleled. 
For those individuals interested in 
information in other fields, Mead Data 
Central also provides on-line access to 
news services and legal and financial 
sources; these services are available in 
their NEXIS and LEXIS services. 
Anyone interested should contact 

Mead Data Central, 933 Springboro 
Pike, Dayton, OH 45401; (800) 227- 
4908. 

VINCENT A. FULGINITI, MD 

Editor, AJDC 

PO Box 43700 

Tucson, AZ 85733 


two disciplines of medicine and law, it 
has been said that criminal court pros- 
ecutors regard psychiatrists as “fuzzy 
apologists for criminal behavior” and 
psychiatrists regard lawyers as “cun- 
ning phrase mongers and deviates” 
(George Kisker, PhD, oral communica- 
tion, 1962). 

With the exception of Latin phrases, 
medicine and law usually speak differ- 
ent languages. When the two disci- 
plines do come in contact, it is often a 
contact with conflict. For example, as 
a lawyer I might ask: “What is the limit 
of your malpractice insurance?” This is 
a question that assumes that you have 
done something wrong. To read a med- 
ical report, I must sit with my copy of 
Tabor’s Medical Dictionary. 

In this guest editorial, my disci- 
pline, the law, and in particular, juve- 
nile court law, presents to your disci- 
pline, pediatrics, a short and concise 
explanation of what the law in juvenile 
court is today and the ways in which 
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juvenile court law may be of assistance 
to you in your practice. 

For example, in my capacity as a 
juvenile judge, I may order a medically 
needed transfusion or surgical proce- 
dure for an infant in a life-threatening 
situation in which the parents have 
refused to permit administration of 
such treatment.’ Or, in an appropriate 
case, I may order a chemically depen- 
dent adolescent into inpatient treat- 
ment despite loud protests and denials 
from the juvenile and his or her par- 
ents that he or she is not dependent. 
This may be done based on the law and 
sound, solid medical evidence of the 
need for treatment.’ 


TODAY’S JUVENILE COURT 


The authority for the juvenile court 
of today exists in the legislative enact- 
ment in each of the 50 states, as well as 
the constraints of the federal and state 
courts and review court cases inter- 
preting this legislation. 

That is, in each state, legislation 
specifies the age at which a child is no 
longer a child, as well as the jurisdic- 
tion, powers, and duties of the juvenile 
court of that state. 

The original juvenile courts, as 
noted in the “introduction” of this arti- 
cle, placed almost unlimited authority 
and power in the hands of one judge. 
There was no second opinion. 

Obviously such a system could, 
would, and did lead to horrible abuse. 
What Judge A decided was in “the best 
interests” of a juvenile might be 
diametrically opposed to what Judge B 
in another state might decide based on 
the exact same set of facts and back- 
ground. However, within their respec- 
tive jurisdictions, each judge was 
within his or her power. “Power tends 
to corrupt and absolute power cor- 
rupts absolutely.” 

The US Supreme Court has applied 
the federal constitution to state juve- 
nile courts, and correctly so, to elimi- 
nate such injustices.* 

However, in so acting, the Supreme 
Court brought into the juvenile court 
many of the aspects of criminal court 
trials. This has both its positive and 
negative aspects. It does make juve- 
nile court a court and not a social 
agency. 

In many states, in delinquency cases 


100 AJDC—Vol 140, Feb 1986 


a juvenile court judge may now con- 
duct a bifurcated trial. The first hear- 
ing, or adjudicatory hearing, is, with- 
out the intervention of a jury,’ almost 
the same as a criminal trial. That is, 
the state is represented by the prose- 
cutor, the juvenile is represented by a 
defense counsel, various motions (such 
as those to suppress evidence and 
statements) are heard, and the state is 
required to prove every element be- 
yond a reasonable doubt.’ 

The second half of the bifurcated 
hearing, or dispositional hearing as it 
is called, tries to individualize justice 
and, within the statutory and constitu- 
tional guidelines, set forth a sentence 
that has as its goal the protection of 
society as well as rehabilitation of the 
juvenile so that he or she will not 
appear in adult courts. 

For example, with basically sound, 
moral kids from middle-class back- 
grounds who are involved in minor 
traffic or theft offenses, imposing a 
fine, which ordinarily is a punishment 
in all courts, is in fact counterproduc- 
tive. All that a sanction of a fine does is 
to tell the child (or reinforce his opin- 
ion) that mom’s or dad’s money can 
“buy” him out of any trouble. A sentence 
should be something meaningful to the 
particular individual. As the father of 
three now-adult children, I have per- 
sonal knowledge that there is nothing 
more “important” to such teenagers 
than their driver’s license. Suspend a 
driver's license for six months and you 
have imposed a meaningful sentence. 

Obviously, such a sentence would 
leave no effect on a juvenile if the 
subject matter of the theft is an auto- 
mobile and he has never even applied 
for a driver's license. 

As the legislature of each state de- 
termines what jurisdiction, or stated 
another way, what types of cases a 
juvenile court shall hear, there is some 
variance from state to state. Generally 
speaking, juvenile courts have juris- 
diction or the power to hear, deter- 
mine, rule, and enforce their rules by 
judicial process in the following areas. 
(1) Delinquency: acts which, if they 
were committed by an adult, would be 
a violation of criminal law. (2) Juvenile 
traffic offenses: purported violations 
of the traffic code by a juvenile. (3) 
Unruly: laws that would pertain only 


to children. Examples include manda- 
tory school attendance and subjection 
of children to the responsible and 
proper control of their parents, 
teachers, or guardians. (4) Dependent 
children: those who, through no fault 
or act of their own, find themselves ina 
position where, for their own protec- 
tion and best interests, the state must 
assume guardianship (eg, a single par- 
ent who has children and who is incar- 
cerated). (5) Neglect/abuse: children 
who are the victims of acts by their 
parents or guardians. (6) Miscel- 
laneous: in some states the courts de- 
termine paternity of an illegitimate 
child; probate or competency jurisdic- 
tion over juveniles who are otherwise 
within the juvenile court’s jurisdiction; 
and permission to marry when one of 
the parties is below the statutory age 
for marriage and the female partner is 
pregnant.’ 

As we have seen, hearings are bifur- 
cated. Once guilt or innocence has 
been established and guilt is referred 
to as adjudication of delinquency, the 
individualized justice noted above 
comes into play. 


DISPOSITION 


The most common disposition in ju- 
venile court is the imposition of a pe- 
riod of probation or supervision of the 
child by the court without placement 
in a correctional institution. It might 
be compared to a broad shotgun-type 
antibiotic such as doxycycline. The 
general hope of probation is that su- 
pervision by a court officer and a 
rigorous schedule of rules and regula- 
tions of personal conduct will “catch” 
the problem causing the juvenile to 
commit delinquency or criminal acts, 
just as doxycycline hopes to catch the 
virus causing the medical problem. 

If it is readily apparent, if it is 
discovered in a presentence investiga- 
tion, or if it is determined during the 
period of probation that a juvenile has 
a problem such as drug/alecohol de- 
pendency, a judge may zero in on that 
specific problem just as a pediatrician 
may zero in on a particular medical 
problem. The physician treats the dis- 
ease, not just the symptoms. So should 
a judge in passing sentence. This is the 
basic concept of individualized justice. 

Naturally, if the juvenile’s behavior 
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is such that it required removal from 
the home or placement in a correc- 
tional setting, the juvenile court has 
the authority to make such an order. 
This may be in a strictly correctional 
setting, a shelter care center, or a 
treatment center. 


COOPERATION BETWEEN 
MEDICINE AND LAW 


If, as in the examples cited above, 
there is a diagnosis of alcohol/drug 
dependency, it is proper and within his 
or her authority for a judge to order 
that as a term of probation or place- 
ment an individual be placed in inpa- 
tient treatment with aftercare and/or 
attendance of an Alcoholics Anony- 
mous or Narcotics Anonymous pro- 
gram.° 

A pediatrician can make the diag- 
nosis; ajudge can pass the sentence. In 
such a situation, treatment must be a 
stay of a considerable length of time 
and include therapy, and not just be 
three or four days of detoxification. 

Any physician sees a vast number of 
children in such situations who deny 
the existence of a problem but the 
physician is powerless to enforce treat- 
ment. A court has the authority to 
enforce what medicine regards as 
proper treatment. 

As you know, a vast number of chil- 
dren do not receive proper medical 
treatment by inoculations, checkups, 
or treatment for an existing disease or 
condition. How can you as a pediatri- 
cian expect such a child to be healthy? 

Likewise, a vast number of children 
grow up not being told that there is a 
difference between right and wrong 
and that one is responsible for his or 


her own acts. How can I expect such a 
child to follow the law? 

There is no question but that many 
minors and, in fact, many parents, are 
in a constant state of denial. For exam- 
ple: in our cited problem of alcehol/ 
drug dependeney, some parents who 
are practicing alcoholics would not ad- 
mit that their children could save 
problems when such parents could not 
even face their own problems. 

In such a situation, how can pedia- 
tricians or judges realistically expect a 
child to overcome denial and enable 
positive treatment to begin? 

Hence, the importance of educezion 
in both disciplines, medicine and law, 
and, in effect, in treatment of the en- 
tire family. 

It has been well documented that 
there are four stages of drug use’: 
stage 1, learning the mood swing; 
stage 2, seeking the mood swing; stage 
3, preoccupation with the mood swing; 
and stage 4, doing drugs to feel OK. 

As most juveniles involved with 
drugs/alcohol do not become invo.ved 
in offenses that lead them to the juve- 
nile court until later in stage 2 or early 
in stage 3, the court sits without 
knowledge of the damage the child is 
doing to himself or herself, his or ner 
family, and our society. In most cases, 
children come before the court on 
charges such as incorrigibility, ru- 
ancy, and runaway, all of which are 
symptomatic of stage 2 and stage 3 
chemical dependency. 

Often the physician, through reg- 
ular checkups, or checkups for school 
or camp, becomes aware of substance 
abuse and drug dependency. Of 
course, the law recognizes the physi- 


cian-client privilege but there are ex- 
ceptions and we would strongly en- 
courage physicians to speak with and 
educate parents so that the parents 
can file charges of incorrigibility and 
place the courts in a position where, 
after hearings, they can issue enforci- 
ble orders as to the appropriate medi- 
cal treatment. 

In many states, physicians are al- 
ready required to report evidence of 
injury, abuse, or neglect of a child to 
the authorities.” 

I would submit for consideration 
that medical evidence of self-abuse, 
such as substance abuse, should also 
be reported. It is established law that, 
in some jurisdictions, the physician- 
patient privilege does not apply in 
abuse or neglect cases.” 

It is our intention for the two disci- 
plines to avoid the aforementioned 
contact with conflict and work to- 
gether towards our mutual goal, the 
welfare of our children. 

JUDGE JOHN P. O’Connor, JD 

Judge, Court of Common Pleas/ 

Juvenile Division 

Hamilton County (Cincinnati), Ohio 

222 E Central Pkwy 

Cincinnati, OH 45202 
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Antibiotics and Carbohydrate Malabsorption in Newborns 


n this issue, Bhatia et al’ report that 
full-term neonates who received 


See also p 111. 


parenteral antibiotics had a greater 
stool frequency, higher incidence of 
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fecal-reducing substances, end 
greater requirement for dietary ma- 
nipulation than did matched controls 
who did not receive antibiotics. Since 
all infants were receiving either a stan- 
dard lactose-containing formula or 
breast milk and symptoms resolved sy 


reducing the strength of the formula or 
by changing to a lactose-free formula, 
lactose malabsorption was implicated 
as the cause of these findings. 

From the data presented, it is diffi- 
cult to ascertain the severity of the 
clinical problem. Although stool fre- 
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quency was greater in the antibiotic- 
treated group, the difference was 
small (3.1 vs 2.2 stools per day). Body 
weight changes for the two groups are 
not given. The magnitude of caloric 
loss in stools was not quantitated. Yet, 
by clinieal criteria alone, 14 of 25 in- 
fants in the antibiotic-treated group 
were felt to have enough symptoms to 
require a dilution of the formula or a 
change to a lactose-free formula. The 
fact that 69% of all loose stool spec- 
imens from the antibiotic-treated 
group had greater than 0.5% reducing 
substances suggests that most of the 
loose stools were due to the osmotic 
effects of unabsorbed or undigested 
lactose or its component monosaccha- 
rides. The conclusion that lactose mal- 
absorption accounted for the symp- 
toms would have been strengthened 
had the carbohydrates in some stool 
samples been identified by chromato- 
graphic means, since there is not a 
perfect correlation between positive 
results when using copper sulfate tab- 
lets (Clinitest) and the presence of 
lactose or its component monosaccha- 
rides.” Nonetheless, the data pre- 
sented do provide strong indirect evi- 
dence that symptomatic lactose 
malabsorption is encountered fre- 
quently in full-term neonates who re- 
ceive parenteral antibiotics. 

One possible mechanism by which 
antibiotic administration could affect 
lactose absorption is by the interrup- 
tion of so-called colonic salvage of mal- 
absorbed carbohydrate, a process that 
is suspected to be quantitatively quite 
important for lactose assimilation in 
the preterm infant with low intestinal 
lactase activity.” The fact that some 
normal newborns have acidic stools 
that contain significant amounts of re- 
ducing substances implies that some 
carbohydrates normally pass beyond 
the ileocecal valve. That many new- 
borns excrete large amounts of hydro- 
gen in their breath suggests that 
anaerobic fermentation by colonic mi- 
croflora of undigested or unabsorbed 
carbohydrate is occurring normally. 
The products of this fermentation proc- 
ess, volatile fatty acids, are presum- 
ably absorbed from the colon and sub- 
sequently are used as an energy source 
—hence, the terminology colonic sal- 
vage of malabsorbed carbohydrate. 
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Data of Maclean et al‘ suggest that co- 
lonic salvage of carbohydrate does oc- 
cur in normal term newborns but is vari- 
able and probably less important than 
in preterm infants. The administration 
of antibiotics would be expected to 
alter, eliminate, or prevent the estab- 
lishment of the colonie microflora re- 
sponsible for this salvage pathway. 

If the interruption of the colonic 
salvage pathway is a contributory 
mechanism for clinical carbohydrate 
malabsorption in full-term infants who 
are treated with antibiotics, the impli- 
cations of antibiotic treatment for pre- 
term infants are even greater. Small 
intestinal lactase activity at 26 to 34 
weeks’ gestation is only 30% that found 
at term.® Thus, much more lactose 
would be expected to reach the colon in 
the preterm infant and, in the absence 
of colonic salvage, would result in ca- 
loric wastage and osmotic diarrhea. 
Prospective studies of the effects of 
antibiotic treatment on the frequency 
and severity of lactose malabsorption 
in preterm infants should be con- 
ducted. 

An additional implication of the find- 
ings of Bhatia and co-workers’ relates 
to the widespread use of antibiotics in 
newborns. The early diagnosis of neo- 
natal sepsis remains an extremely dif- 
ficult task. The current editor of 
AJDC wrote 16 years ago, 


The major problem in neonatal infections is 
the identification of the infected infant. 
Often overlooked is the equally important 
task of identifying the noninfected infant. 
It is desirable to administer appropriate 
therapy as early as possible to the infected 
infant, and to avoid such therapy in the 
others.° 


This statement is as true today as 
when written in 1970. Published data 
indicate that 43% to 62% of infants in 
newborn intensive care units receive 
antibiotics," and I suspect that, in 
some units, their use is even more 
common. Significant adverse drug re- 
actions have been encountered secon- 
dary to antibiotic use in this setting.’ 
The addition of frequent symptomatic 
lactose malabsorption to the list of 
adverse drug reactions associated with 
antibiotic use in the newborn should 
make us heed Dr Fulginiti’s 16-year-old 
plea even more seriously. Philip and 
Hewitt” have shown that a battery of 


simple tests used in combination are 
quite helpful in excluding infection 
when uncertainty exists regarding the 
clinical condition of an infant. The pro- 
spective use of this “sepsis screen” 
demonstrated a marked reduction in 
antibiotic use. When used in conjunc- 
tion with careful clinical evaluation, 
babies with infections were not left 
untreated." The systematic use of 
high-risk clinical criteria alone has 
been shown to result in a reduction of 
the indiscriminate administration of 
antibiotics in infants after prolonged 
rupture of amniotic membranes.” 
More widespread employment of these 
systematized approaches to the pre- 
scription of antibiotics in the newborn 
period, as well as the discontinuation 
of antibiotics when appropriate cul- 
tures are negative at 48 to 72 hours, 
are encouraged to reduce the incidence 
of adverse drug reactions that are at- 
tributable to their use. 
JOHN D. JoHNSON, MD 
Department of Pediatrics 
University of New Mexico 
School of Medicine 
Albuquerque, NM 87131 
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The Editorial Board Speaks... 


Ben H. Brouhard, MD 





Current Issues in Academic Pediatrics 


American medicine has been changing over the last 
several years. An increase both in the number of American- 
educated physicians and in the number of foreign medical 
graduates practicing in the United States has been an 
important factor contributing to a surplus of physicians in 
most specialties. In the past, residents considered desir- 
able living locations, places where they would like to raise 
children, and similar factors in deciding on a practice site. 
Today the questions are as follows: Where are pediatricians 
needed? Where can I make a living? How many health 
maintenance organizations are there? There are many other 
concerns. In other words, is there a market for my practice? 
As I have spoken with graduates of our program and 
interacted with other physicians, it has become clear that 
pediatricians and other specialists as well are perhaps not 
as busy as they could or would like to be. Although this is 
not universally true, it seems to be more prevalent today 
than 12 years ago when I completed my residency. Sympto- 
matically, one of our former residents recently commented 
that perhaps more practitioners would choose to leave 
practice or not to enter private practice at all but would 
elect a career in academic medicine. I felt this was highly 
unlikely since the pressures in academic medicine are 
certainly no less than they are in the private sector, at least 
for people entering academia. 

These pressures are often compounded by the fact that 
the academic physician also receives mixed messages from 
his administration: financial administrators want increased 
private patient revenue, increased efficiency to ensure that 
Medicare/Medicaid denials (and thus lost revenue) are kept 
to a minimum, and increased opportunities for patient 
contact; academic administrators, division chiefs, chair- 
men, and deans demand grants and “funding sources,” 
inspiring a search for new sources of research funds. The 
young academician is persuaded that his number of grant 
applications should increase to ensure success and that 
industrial and pharmaceutical funds should be sought. Of 
course, if one wants to gain academic promotion and tenure, 
publication is necessary; “publish or perish.” Current aca- 
demic issues include redefinition of the qualifications for 
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promotion and tenure and a realignment of the division of 
labor in the medical school; some have suggested that 
teacher-researchers and teacher-clinicians be separate en- 
tities. Among the necessary reforms to achieve equitable 
designations are setting up appropriate and equal reward 
systems and abolishing the feeling that teacher-clinicians 
are second-class academic citizens. 

It is often difficult for the new faculty member to sort out 
the conflicting messages from various administrators, to 
place appropriate priorities, and to maintain perspective. 
Furthermore, it often seems that the faculty member has 
little control over his future. It is small wonder that anxiety 
and apprehension often dominate the mood of younger 
faculty and invade the serenity of some senior faculty. 
Worries about job security, multiple pressures to increase 
private patient funds, securing funding for research, and 
ensuring cortinuing excellence in medical students’ educa- 
tion all contribute to anxiety. It seems to me that an honest 
and sincere dialogue between administrators (financial and 
academic) and faculty is necessary and essential. Expecta- 
tions must be clearly defined and ways to achieve these 
expectations outlined. Vague rhetoric about “serving the 
needs of children through teaching, research, and providing 
patient care” are not adequate. Specific goals and objectives 
Should be outlined for the faculty member. Criteria for 
achieving premotion and tenure need to be discussed; 
methods of documenting progress should be agreed on. The 
economic states of hospitals and universities as well as 
budgets and salaries should be frankly discussed in the light 
of expectations for salary increases, fringe benefit pro- 
grams, and incentive programs. Only in this way will the 
academician be made fully aware of his or her responsibili- 
ties for advancement (and they are his or her responsibili- 
ties) and for the achievement of some degree of financial 
security. If the expectations of the administrators are not 
met, other eptions could be exercised; if they are met, 
administrative support should continue. Academicians may 
feel they have less control over their futures than their 
nonacademic colleagues. Actually, physicians in academia 
will have a great deal of control over their futures if their 
responsibilities and the expectations of the administrations 
are defined end agreed on. “I don’t mind playing the game 
as long as I know the rules.” 
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Editorial Review 


Why Read a Pharmacokinetic Article? 


William Banner, Jr, MD, PhD 


è Clinicians are being increasingly 
asked to make clinical judgments on the 
basis of serum drug concentrations. The 
interpretation of these measurements in 
the clinical setting can be aided by a 
basic understanding of pharmacoki- 
netics. By relating the dose of a drug toa 
serum concentration under known con- 
ditions, pharmacokinetic values may be 
calculated to assess the validity of the 
measured serum concentration. To ap- 
preciate the normal range and factors 
that may influence these pharmacoki- 
netic values, the pharmacokinetic article 
is a valuable resource. A second value to 
these references is the establishment of 
reliable methods to achieve desired con- 
centrations on the basis of measured 
values. By learning some basic defini- 
tions, the reader will be better prepared 
to deal with the interpretation of clini- 
cally relevant data in the literature and in 
the clinical setting. 

(AJDC 1986;140:104-106) 


IZ this issue of AJDC, the reader is 

presented with a common event in 
the medical literature—the appear- 
ance of a pharmacokinetic article.’ I 
know that my formal medical school 
pharmacology course and general pe- 
diatric training included little discus- 
sion of pharmacokinetic research, even 
RE Soe Ss, SER a ee 


See also p 107. 
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though I finished medical school 
within the last decade. Many of you 
may be in a similar situation. It is an 
even more recent phenomenon to con- 
sider the use of clinical pharmacoki- 
netic data in patient care decisions. So, 
why read a pharmacokinetic article? 
The major reason is that the data pre- 
sented in pharmacokinetic articles 
can, with a modicum of understanding, 
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be applied to clinical situations. Dis- 
tilling the intriguing mathematical 
concepts of pharmacokinetics into a 
clinically useful package remains the 
challenge. 

First, consider the definition of 
pharmacokinetics—the study of the 
relationship between a dose adminis- 
tered and the concentration achieved. 
To interpret a serum drug concentra- 
tion, it is critical to understand the 
relationship between the dose of drug 
that you are administering and the 
serum concentration achieved. For ex- 
ample, a clinician cannot interpret an 
isolated serum potassium value but, 
rather, takes into account the serum 
potassium, how the sample was ob- 
tained, and the age and clinical status 
of the child. Drug concentrations 
should also be interpreted in terms of 
the dose administered in relationship 
to the concentration that was 
achieved, as well as other factors. In 
interpreting data this way, we use an 
approach that was mathematically de- 
scribed by an English minister named 
Bayes.” The Bayesian approach uses an 
a priori expectation of the population 
normal value and aids in the interpre- 
tation of whether a laboratory value is 
within an expected range or is an out- 
lier. By taking into account other fac- 
tors that may have caused the concen- 
tration to fall out of the normal range, 
one arrives at a confidence or lack of 
confidence in the value that was mea- 
sured. For example, a serum potas- 
sium value of 7 mEq/L in the setting of 
a heelstick sample that was drawn 
from a well newborn with no evidence 
of renal disease will not be interpreted 
in the same light as an arterial sample 
that was obtained from a critically ill 
newborn who was in acute renal fail- 
ure. When measuring serum drug con- 
centrations, this same approach 
should be used. The clinician must 
understand the relationship between 


dose and concentration, ie, pharmaco- 
kinetics, to assess the validity of the 
measurement. The pharmacokinetic 
article, therefore, becomes a source of 
normal values of pharmacokinetic vari- 
ables. This type of Bayesian analysis is 
probably done implicitly every time a 
patient begins to receive a usual dose 
of a drug, and serum concentrations 
are measured that are in the therapeu- 
tic range. One does not necessarily 
need to use formal pharmacokinetic 
calculations to find out that concentra- 
tions that are higher or lower than 
expected may be on the basis of some 
change either in administration tech- 
nique, renal function, compliance, or 
metabolism by the liver. But, to fur- 
ther define the causes of abnormal 
levels, especially in a drug with rela- 
tively complex pharmacokineties such 
as vancomycin hydrochloride, the only 
real basis for differentiating between 
whether the drug is being improperly 
administered or whether adequate re- 
nal function exists to excrete the drug 
is a formal calculation of the pharmaco- 
kinetic parameters. 


DEFINING SOME BASIC TERMS 


The science of pharmacokinetics is 
based on the concept of modeling. A 
model is a reflection of reality. So a 
pharmacokinetic model is merely an 
attempt to mathematically reflect re- 
ality. Unlike model shipbuilding, the 
simpler mathematical model is often 
the most useful. The researcher, how- 
ever, must demonstrate that the model 
accurately predicts reality. As Naqvi 
et al’ have demonstrated, a one-com- 
partment open model (the simplest ki- 
netic model) was able to accurately 
predict an appropriate change in dose 
that was needed to achieve a desired 
concentration. Since this type of model 
is often used for aminoglycoside dos- 
ing, it is available on many handheld 
ealculators.? Using this approach for 
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Computer-drawn semilogarithmic plot of ac- 
tual (solid line) vancomycin concentrations 
during dosing interval. Model (broken line) 
shows one-compartment open model used 
to predict vancomycin dosage adjustments. 


vancomycin, it should be vastly easier 
than the hit-and-miss approach to ad- 
justing drug doses, provided that the 
clinician can evaluate the pharmacoki- 
netic data as to its validity. 

What is a one-compartment model? 
If a drug is administered into the 
bloodstream of a patient, it may stay 
within that bloodstream and be elimi- 
nated by either the liver or kidneys. 
Most people would easily appreciate 
this type of distribution as a one-com- 
partment distribution. If, however, a 
drug is able to distribute into the total 
extracellular fluid just as rapidly as it 
distributes through the bloodstream, 
it will appear to behave in exactly the 
same fashion as the drug that distrib- 
uted only into blood. In contrast, if a 
drug distributes into one tissue rela- 
tively more slowly, it may undergo 
what is referred to as a distribution 
phase and can be modeled best as two 
compartments. The Figure shows one- 
and two-compartment models, where 
the actual behavior of the drug dis- 
plays two-compartment distribution 
and the model displays a single-com- 
partment distribution. A two-com- 
partment model does not refer to two 
distinct physiologic compartments, 
but rather to distribution into two 
types of tissues at relatively different 
rates. Obviously, a drug may distrib- 
ute into each individual tissue of the 
body at a different rate and, thus, 
may appear to be a 100-compartment 
model. While some people may find 
100 compartments mathematically in- 
triguing, in practical terms, the fewest 
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number of compartments that will de- 
quately describe the behavior of the 
drug is the most useful. The impor- 
tance of multicompartment distr.bu- 
tion is demonstrated in the Figure. A 
drug may achieve higher concentra- 
tions shortly after infusion than one 
would predict if one extrapolated sack 
from later serum concentrations and, 
thus, may lead to inappropriate dose 
adjustments if a single-compartment 
model is assumed and serum corzen- 
trations are drawn during the distribu- 
tion phase. 

A pharmacologic variable that is fre- 
quently reported in pharmacokinetic 
studies is the volume of distribution. 
Just as compartments should not be 
considered as physiologically real eom- 
ponents of the body, neither should the 
volume of distribution be considered a 
true volume of the body. In fact. vol- 
ume of distribution is best thought of 
as a ratio between the amount of drug 
in the serum compared with the zotal 
amount of drug in the body. Thus, 
drugs with a large volume of distribu- 
tion, such as digoxin, have a relatively 
high total-body burden of the drug for 
relatively low serum concentrations. 
As can be seen in the study of Naqvi 
et al,’ vancomycin has a relatively low 
volume of distribution, which suggests 
that the total-body burden of the drug 
is largely in the blood. The newborn 
and patients with edema, hypoprotein- 
emia, and ascites will all have larger 
than normal volumes of distribut:on. 

Another important term used in 
pharmacokinetic studies is that ef the 
elimination rate constant. To the clini- 
cian, it should be recognized that the 
elimination rate constant is equal to 
0.693 divided by the half-life. Because 
of this inverse relationship, statisti- 
cians view the elimination rate con- 
stant as being a normally distributed 
variable that is more appropriately 
amenable to statistical testing. Thus, 
statistically correct analyses should 
use the elimination rate constant. If 
the elimination rate constant is high, 
the half-life is relatively short. The 
concept of half-life is generally amore 
comfortable one for physicians and is 
simply the time it takes for the serum 
concentration to decline by half. Since 
the elimination rate constant gives you 
useful information concerning the half- 


life of the drug, it is useful to the 
clinician in several ways. This knowl- 
edge may be helpful in the selection of 
an appropriate dosing interval, since 
drugs that decline slowly over time can 
be given at less frequent intervals for 
greater convenience. Drugs with long 
half-lives take relatively longer to 
achieve a steady state than do those 
with short half-lives, because drugs 
accumulate in the body to achieve a 
steady-state concentration in five 
times the half-life. For example, van- 
comycin may be appropriately moni- 
tored for effectiveness and safety of 
therapy within 48 hours of starting the 
drug in most patients, because the vast 
majority of patients with relatively 
normal renal function will have 
achieved steady-state concentrations 
in that time period. Vancomycin in a 
patient with renal failure will have a 
prolonged half-life and will take a rela- 
tively longer period of time to accumu- 
late to equilibrium in the body. Thus, 
by calculating the half-life, the clini- 
cian can determine whether the mea- 
sured levels are likely to accumulate to 
higher concentrations. In addition, 
when the half-life of a drug is found to 
be longer than normal for age the 
clinician may infer a compromise of the 
drug-eliminating organ. 

The last pharmacokinetic term that 
is frequently used is clearance. Froma 
mathematical standpoint, clearance is 
simply the elimination rate constant 
times the volume of distribution. Thus, 
clearance becomes a reflection of both 
the distribution and elimination char- 
acteristics of the drug. In the case of 
drugs such as aminoglycosides or van- 
comycin, which are largely filtered by 
the kidney, the clearance of a drug is 
proportional to the clearance of creati- 
nine and, thus, may provide a useful 
index of changing renal function. The 
measurement of drug levels and esti- 
mation of the half-life may be used to 
monitor a deterioration or improve- 
ment in renal function. 


APPLICATIONS 


The equations that are used by 
Naqvi et al,’ as derived from Sawchuk 
and Zaske,‘ will intimidate all but the 
most stoic of clinicians. In clinical prac- 
tice, these equations are available in an 
easy-to-use program (for the Hewlett 
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Packard Programmable Calculator) by 
Robb et al.* You may be surprised to 
find that the clinical pharmacists in 
your institution are eager to apply this 
technology to patient care, if encour- 
aged. The drug dose, patient weight, 
infusion time, and a set of concentra- 
tions can be easily entered in this 
program to calculate an estimate of the 
volume of distribution, half-life, and 
peak and trough concentrations. 

As can be seen in the Figure, the 
model that was used in making dosing 
predictions in the article by Naqvi 
et al’ does overlook the actual behavior 
of vancomycin, which is that of two- 
compartment distribution. This may 
require some adjustment on the part of 
the physician who is ordering levels. If 
one draws a peak vancomycin level 
immediately at the end of the infusion, 
calculations that are based on a simple 
model will be erroneous. Serum con- 
centrations that are drawn after the 
distribution phase (for example, at two 
and six hours) can be more accurately 
modeled to predict a new dose. 

In our own clinical practice, one of 
the major objectives in applying phar- 
macokinetic equations to serum con- 
centrations is to observe whether or 
not the calculated volume of distribu- 
tion and half-life fall into the expected 
range. If, for example, a patient begins 
vancomycin therapy with a dose, even 
if serum concentrations are in the 
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“normal” range and it is determined 
that the volume of distribution appears 
to be abnormally increased, we recog- 
nize that this may be due to faulty ad- 
ministration of the drug that leads to a 
loss of vancomycin in the intravenous 
tubing. This is a common finding, and, 
under different conditions of adminis- 
tration, serum concentrations may 
rise dramatically. By failing to recog- 
nize that the potential for high serum 
concentrations exists, the clinician 
may be surprised to find developing 
nephrotoxicity, despite previously 
“normal” levels. In a similar manner, 
we use the half-life, volume of distribu- 
tion, the clinical presence of ascites, 
serum creatinine, urine output, other 
drugs that are administered concomi- 
tantly, serum protein, and the age of 
the patient to infer a degree of confi- 
dence in the measured vancomycin lev- 
els. Just as it is important to be confi- 
dent of the serum potassium level 
before making an adjustment in ther- 
apy, so, too, it is important to have a 
degree of confidence in a measured 
drug level before making a clinical ad- 
justment in a dose. With the data made 
available by Naqvi et al,’ we now have 
additional population data on vanco- 
mycin kinetic parameters for newborn 
infants and a model that has been dem- 
onstrated to accurately predict dosing 
adjustments. These data should im- 
prove our ability to interpret serum 
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drug concentrations of vancomycin 
that are obtained in the nursery. 

Like it or not, as clinicians, we are 
being forced to make clinical judg- 
ments based on serum drug concentra- 
tions, and, to do this, some knowledge 
of the expected relationship between 
dose and concentration is necessary. It 
remains the responsibility of the phy- 
sician to interpret the derived data, 
just as he/she would interpret a serum 
potassium concentration, to assure the 
adequacy and safety of drug therapy. 

Now go back and reread those phar- 
macokinetic articles to try to appreci- 
ate the implications of their data. Us- 
ing your knowledge of these data and 
the resources of clinical pharmacists 
and pharmacologists who are armed 
with programmable calculators can re- 
sult in safer, cost-effective, and more 
efficacious therapy with a useful agent 
such as vancomycin. 
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Articles 


Vancomycin Pharmacokinetics in Small, 


Seriously Ill Infants 





Shehla H. Naqvi, MB, BS; William J. Keenan, MD; Richard M. Reichley, RPh; Kirk P. Fortune 


èe Twenty vancomycin pharmaco- 
kinetic studies were performed on 17 
small infants who were receiving the 
antibiotic for treatment of documented 
infections. Fourteen patients were less 
than or equal to 41 weeks’ postconcep- 
tion. In this group there was no statis- 
tical difference in mean elimination rate, 
volume of distribution, or clearance be- 
tween neonates and infants 4 to 8 weeks 
of age. However, they had significantly 
lower clearance and prolonged mean 
B—half-life than infants who were 3 to 6 
months old (>43 weeks’ postconcep- 
tion). Vancomycin clearance was di- 
rectly related to postconceptional age by 
linear regression analysis. 8B-Half-life 
was influenced by the weight of the pa- 
tient, volume of distribution, and gesta- 
tional age. In view of the interpatient 
variability observed in the prematurely 
born infants, pharmacokinetic studies 
should be performed to determine the 
appropriate dose and intervals in van- 
comycin therapy. 


(AJDC 1986;140:107-110) 
The emergence of infections due 

to multiple antibiotic-resistant 
strains of Staphylococcus aureus and 
Staphylococcus epidermidis have led 
to a resurgence in the use of van- 
comycin, especially in neonatal inten- 
sive care units’ and burn units.’ 

A major study of the clinical phar- 
macology and efficacy of vancomycin in 
pediatric patients underscored its 
safety when used in appropriate 
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doses.” That study included smal. in- 
fants, both preterm and full-term, as 
well as older children, most of whom 
were studied after a single dose of 
vancomycin. The dosing guidelines 


For editorial comment see p 104. 
suggested in that study to attain peak 


serum concentrations of 25 to 40 mg/L 
and trough serum concentrations of 
less than 10 mg/L have been found by 
others to produce excessively high 
peak and trough concentrations when 
treating small, sick infants, especially 
those born prematurely.*? Although 
vancomycin is cleared primarily by 
glomerular filtration, alterations in 
vancomyein clearance have been dem- 
onstrated in adults with hepatic dys- 
function® and in burn patients’ even 
when renal function was within normal 
limits. 

To determine appropriate doses for 
infants who may have underlying renal 
and hepatic dysfunctions, we prospec- 
tively studied steady-state vancomy- 
cin kinetics in small, seriously ill in- 
fants receiving vancomycin for the 
treatment of staphylococcal infecticns. 


PATIENTS AND METHODS 


The study was approved by the Institu- 
tional Review Board of St Louis University. 
Patients in the neonatal intensive care anit 
who required vancomycin for treatmert of 
documented infections were enrolled in the 
study after informed parental consent was 
obtained following full explanation of the 
nature of the study. Doses were chcsen 
according to the site of infection, severity of 
illness, and minimum bactericidal concen- 
tration of vancomycin for the organism. 
Central nervous system infection, endozar- 
ditis, and infections caused by organisms 
with a minimum bactericidal concentration 
greater than 16 mg/L were treated with a 
dose of 15 mg/kg while all other patients 
were treated with one of 10 mg/kg. Incer- 
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vals between doses were chosen according 
to previous recommendations’; patients 
who were 1 to 4 weeks of age received the 
drug every eight hours while patients more 
than 4 weeks of age received the drug every 
six hours. 

Prior to therapy a complete blood cell 
count and urinalysis were done; levels of 
alanine aminotransferase, serum urea ni- 
trogen, serum creatinine, and direct biliru- 
bin were measured and monitored weekly 
until the end of treatment. Serum samples 
for vancomycin levels were collected after 
at least four doses had been administered. 
Accurately timed specimens of venous or 
capillary blood were collected by one of the 
authors (S.H.N.). Specimens were col- 
lected just prior to starting an infusion 
(trough concentration) and immediately on 
conclusion (peak concentration) of an exact 
60-minute infusion that was delivered by a 
microinfusion pump (Model 965, I Med 
Corp, San Diego). Accurately timed single 
determination of serum concentrations 
were performed after alteration of the dose 
in eight instances. 

Vancomycin Assay.—A previously de- 
scribed assay for quantitation of vancomy- 
cin by high-pressure liquid chromatogra- 
phy” was modified by the addition of 
ristocetin as an internal standard. All rea- 
gents were high-pressure liquid chro- 
matography grade. A range of standard 
concentrations was prepared in pooled 
adult human serum from a reference stan- 
dard containing vancomycin hydrochloride 
with 1,000 wg of activity per milligram. 
Chromatography was performed using a 
solvent pump (M-45, Waters Associates, 
Milford, Mass), absorbance detector 
(model 440, Waters Associates), and 30-cm- 
long, 2.9-mm-—inner-diameter column (Re- 
verse Phase »Bondapak C-18, Waters As- 
sociates) packed with 10-um particle size. 
The mobile phase consisted of 16% aceto- 
nitrile (Waters Associates) and 84% 0.01M 
1-heptane sulfonic acid (Pic-B7, Waters As- 
sociates). Peaks were detected under iso- 
cratic conditions at 280 nm with a sensitiv- 
ity of 0.005 AUF (absorbance unit full- 
scale) at a flow rate of 2 mL/min. 
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Serum was separated and deproteinated 
in the first eight studies by precipitation 
with 10% trichloroacetic acid and by ultra- 
filtration using an ultrafiltration cell in the 
remaining studies (Centricon-10, Amicon 
Co, Danvers, Mass). After centrifugation, 
15 uL of 5% trichloroacetic acid with 
10 mg/L of ristocetin was added to 100 uL of 
ultrafiltrate to serve as the internal stan- 
dard. 

The deproteinated, acidified serum with 
internal standard was injected in a 20-uL 
loop. The ristocetin and vancomycin peaks 
appeared at 8.2 and 10.5 minutes, respec- 
tively. The ratio of vancomycin peak height 
and ristocetin peak height in test samples 
was compared with a standard curve of the 
ratio of the standards containing 50, 25, 
12.5, and 6.25 mg/L of vancomycin and 
1.5 mg/L of ristocetin. A standard curve 
was run with each assay. 

Pharmacokinetic Analysis.—Steady- 
state serum vancomycin concentrations 
were measured either five or seven hours 
after completion of the last vancomycin 
infusion, as well as two and four hours after 
infusion of the test dose, to study drug 
elimination. Immediate postinfusion peak 
concentration was used only to calculate 
the volume of distribution and was not 
included in the calculations of drug elimina- 
tion. A previously described,” single-com- 
partment infusion model was used for the 
computer program. The equations used are 
as follows: 


Clearance = 8:Vd - 
_ p-Bbt 
Viele?) E 
B Cii i Cine" 


tB = 0.693/B 
T= Cs —) +t 


pmax © 
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= BVa Cp » [———— 
K,=p-VaC, (ord 
B-Vd-C 


Initial loading dose ae RE 
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_Ktd- e *) 
me Bt-Vd (l-e™) 


: _Kt (e*t — 
mm Bt: Vd (e*—1) 


where Vd indicates volume of distribution; 
K,, zero-order infusion rate; B, terminal- 
phase elimination rate constant; t, duration 
of infusion; C,,,.., postinfusion peak; Comins 
preinfusion trough; ty B, terminal half-life; 
T, dosing interval; Cymax a desired B-extrap- 
olated peak; and Cynin o desired trough. 
Statistical Analysis.—The laboratory 
parameters and the patient characteristics 
were studied initially by linear regression 
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No. of Pharma- 


No. of Patients cokinetic Studies 


Mean Postnatal 
Age (Range) 
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Gestational §Postconceptional 


17.7 days 35 38.5 


(8-26 days) 


(30-40) (34-41) 


39.7 days 29.1 35.8 


(30-66 days) 
4.75 mo 
(3-6.5 mo) 





*Age at time of study. 
tOne patient had been studied previously at age 2 months. 





Mean ß-Half-Life, 
hr (Range) 


Description 
of Patients* 



















group. 
tSignificantly different, P<.001. 


analysis to assess the strength of correla- 
tion between the variables. Subsequent 
analysis involved stepwise multiple regres- 
sion allowing subsets of patient variables 
and laboratory parameters to be entered in 
the model to identify the most important 
variables. The patient variables included 
gestational age, weight, and postconcep- 
tional age. Laboratory parameters in- 
cluded serum creatinine, alanine amino- 
transferase, and direct bilirubin concentra- 
tions, as well as the pharmacokinetic data. 
Sample means were compared by Student's 
t test. 


RESULTS 


The assay was linear and accurate in 
the range of 5 to 80 mg/L with a mean 
interassay coefficient of variation of 
3.98% (range, 1.08% to 7.95%) and an 
intra-assay coefficient of variation of 
3.2% for a sample containing 20 mg/L 
of vancomycin. 

Patient Population.—Seventeen 
patients were enrolled in the study. 
Fourteen patients were born pre- 
maturely while three others were born 
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Rate/hr ee 


Group 1 (N= 14) Sa eet a Ey ORI, 
PC, wk<41 4.87 0. 177+ + - 0.079 0. 481 + + 0. 165 80. 43+ $ 27. 41 
PN range, 
days = 8-66 (2.07-9.81) so a -0. 289 (0.34-0.81) ee 0-208. A 
-Group 2 (N=6) A A apm 
PC, wk>43 3.04 0. 263 + +0.103 0.377 + 0.036 100. 28+ + 36. et 
PN range, 
mo =3-6.5 (1.69-5.36) (0.129-0.410) (0.33-0.41) (48.2-139.4) 


*PC indicates postconceptional age at time of study; PN, postnatal age; and N, number of patients in 


(26-35) (32-40.5) 
31 54.2 
(28-40) (43.5-61) 
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Volume of 
Distribution, Clearance, 
eee bei a 


wh oe 








at term. There were 12 boys and five 
girls. Sixteen patients were receiving 
total parenteral nutrition, including 
six patients who were also receiving 
intravenous lipid suspensions. All pa- 
tients had received aminoglycosides 
(gentamicin sulfate or kanamycin sul- 
fate) previously; two patients had re- 
ceived amphotericin B therapy for four 
and six weeks, respectively; two oth- 
ers had received prior vancomycin 
therapy for ten and 28 days, respec- 
tively. 

Fourteen patients were infected 
with S awreus and three patients with 
S epidermidis. The infections under 
treatment included septicemia, ven- 
triculitis, endocarditis, pneumonia, 
and peritonitis. 

Sixteen patients were treated suc- 
eessfully for their infections by ten to 
42 days of therapy. One patient with 
vancomycin-tolerant S aureus endo- 
earditis relapsed on three occasions 
and finally died due to septic pulmo- 
nary emboli. 
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ancomycin Concentrations* 


V 
PRS CETE Aa E. increase in Serum 
Dose, mg/kg Trough Peak Concentration by Infusion* 


10t (N=10) 
15t (N=3) 
15t (N=4) 


11.56+5.13 

15.12+5.35 
9.45+7.5 

*Values are expressed as mg/L (mean + SD). 


tDose administered every six hours. 
+Dose administered every eight hours. 


Vancomycin was generally well tol- 
erated. There were no episodes of hy- 
potension or flushing. Neutropenia 
and thrombocytopenia that occurred 
with sepsis resolved during therapy. 
There was no evidence of renal toxicity 
during the ten- to 42-day-long courses 
of therapy. The mean serum creatinine 
concentration at onset of treatment 
was 0.45+0.12 mg/dL (mean+SD) 
(range, 0.3 to 0.6 mg/dL) and had 
decreased to 0.35 + 0.09 mg/dL (range, 
0.2 to 0.5 mg/dL) at the end of therapy; 
the serum urea nitrogen concentra- 
tions decreased from 11+5.99 mg/dL 
to 9.25+5.6 mg/dL, probably due to 
the increasing age and maturity of the 
patients. As in our patients, the serum 
creatinine concentration was inversely 
related to postnatal age (r= —.53; 
P<.03). The mean serum concentra- 
tion of conjugated bilirubin rose from 
2.07+1.6 mg/dL at the onset to 
3.27+2.39 mg/dL at the end of treat- 
ment, probably reflecting cholestasis 
related to total parenteral nutrition. 

Twenty pharmacokinetic studies 
were performed during 19 courses of 
vancomycin therapy. During therapy 
one patient was studied twice, one 
week between studies, and another 
patient was studied during three suc- 
cessive courses of treatment. The pa- 
tient population is described in Table 
1. Fifteen of the 17 infants were pre- 
term. Results of the pharmacokinetic 
studies are shown in Table 2. Phar- 
macokinetic parameters of the neo- 
natal group did not differ significantly 
from the group of patients who were 1 
to 2 months old; therefore, the param- 
eters were combined for further analy- 
sis. 

Accurately timed  postinfusion 
peaks were drawn on ten of 13 patients 
who had received 10.8+0.58 mg of 
vancomycin hydrochloride per kilo- 
gram of body weight (range, 9.43 to 
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30.37 +7.20 
57.81 +22.03 
40.12+8.41 


18.18+5.01 
42.69 + 16.82 
30.68 + 6.68 





11.35 mg/kg). Results are enumerated 
in Table 3. 

Seven patients received a dose of 
14.94 mg of vancomycin hydrochloride 
per kilogram of body weight (range, 
13.8 to 16.15 mg/kg) resulting in a beak 
serum concentration of 47.7 mg/L 
(range, 33.29 to 83.13 mg/L). Their 
preinfusion trough concentration was 
11.88 mg/L (range, 2.5 to 21.27 mg/L), 
indicating that the dose of 15 mg/kg 
had raised the serum concentra- 
tion by 35.82 mg/L (range, 21.12 to 
61.86 mg/L). Serum vancomycin con- 
centrations were measured during the 
B-elimination phase after alteration of 
the dose or interval during eight 
courses of therapy, showing excellent 
agreement with the serum concentra- 
tion predicted from the patients’ sin- 
gle-compartment pharmacokinetic 
study (r= .97) (Figure). 

The elimination rate was directly 
related to weight of the patient 
(r=.464; P<.04), but no linear rela- 
tionship was seen between volume of 
distribution and weight or between 
postnatal or gestational age and clear- 
ance. However, a direct correlation 
was seen (r=.649; P<.001) for post- 
conceptional age and clearance when 
three patients with significant prior 
exposure to nephrotoxic drugs were 
excluded from the sample. The values 
also appeared linear when plotted on a 
graph. 

In the group of infants who were less 
than 41 weeks’ postconception the dif- 
ferences in the volume of distribution 
were responsible for 55% of the vari- 
ability of B—-half-life; the other patient 
variables (age, weight, gestational 
age, and level of alanine aminotrans- 
ferase) accounted for 16% variability. 


COMMENT 


Although vancomycin pharmaco- 
kinetics in children have been previ- 
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Predicted Vancomycin Concentration, mg/L 





10. 18° 20. 26 (Sk BH 


Measured Vancomycin Concentration, mg/L 


Correlation between predicted and mea- 
sured vancomycin concentrations using 
single-compartment model (r=.97). Each 
determination of serum concentration for 
patients A and B was performed on sepa- 
rate day. 


ously described by an open, two-com- 
partment model,® we chose to study 
elimination of the drug by a single- 
compartment model using log serum 
concentration. This method allowed 
use of a simple linear computer pro- 
gram that is widely used for aminogly- 
coside pharmacokinetics and was 
found to have an excellent predictive 
power for dose and B-phase serum 
concentrations in this study. 
Vancomycin clearance and log 
B—half-life were linearly related to 
postconceptional age. Others have 
shown that renal function best corre- 
lates with an infant’s postconceptional 
age,” and a linear relationship has 
been described for log gentamicin half- 
life vs postconceptional age.“ The 
B—half-life values of infants less than 67 
days of postnatal age and less than or 
equal to 41 weeks’ postconception were 
shorter than those reported in a recent 
study of premature infants.’ In that 
study, the difference is most likely due 
to amore immature population whose 
mean postconceptional age was 31.78 
weeks. In contrast, none of our pa- 
tients were less than 32 weeks’ post- 
conception. Values for infants over 3 
months of age and more than 43 weeks’ 
posteconception were similar to those 
reported for older children. The vol- 
ume of distribution in our patients was 
smaller than that reported previously 
for adults and children,*” probably 
because the study was performed in 
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steady state and tissue saturation had 
been achieved with earlier doses. 

The wide interpatient variability 
seen in this prematurely born patient 
population might reflect the varying 
degrees of maturity and effects of prior 
insults to kidneys from clinical compli- 
cations of prematurity (episodes of hy- 
potension, umbilical artery catheter- 
izations, exposure to nephrotoxic 
drugs, etc). However, similar vari- 
ability has been seen in large studies of 
adults and prematurely born infants 
receiving gentamicin therapy.“ 

Our results indicate that prema- 
turely born infants have prolonged 
vancomycin-elimination half-life val- 
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5. Mereier JC, Bingen E, Lambert-Zechovsky 
N, et al: Assessment of serum vancomycin levels 
in newborns and children with severe staphylo- 
coccal infections, abstract 491. Programs and 
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ues up to 9 weeks of postnatal age or 41 
weeks postconceptional age. The pre- 
infusion serum concentrations contrib- 
uted significantly to the achieved peak 
concentration, indicating the need for 
an initial larger dose to reach desired 
levels rapidly. Based on the average 
volume of distribution (0.481 L/kg) and 
8 elimination rate (0.177), an initial 
loading dose of 15 mg/kg, followed by 
doses of 10 mg/kg at eight-hour inter- 
vals, would safely meet the require- 
ments of a peak serum concentration 
range of 25 to 30 mg/L and a trough 
serum concentration less than 
10 mg/L. Infants who are more than 48 
weeks’ postconception might need 
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Parenteral Antibiotics and Carbohydrate 


Intolerance in Term Neonates 
Jatinder Bhatia, MD; Alton R. Prihoda, MD; C. Joan Richardson, MD 


è To evaluate the effects of parenteral 
antibiotics on carbohydrate tolerance, 
fecal reducing substances, stool fre- 
quency, and dietary manipulation were 
monitored in two groups of term neo- 
nates. The first group (n= 25) consisted 
of neonates receiving parenteral ampi- 
cillin sodium and gentamicin sulfate. A 
second group (n= 25) of matched neo- 
nates not receiving antibiotics served as 
controls. Most of the neonates were fed a 
standard lactose-containing formula 
and the remainder were breast-fed. Stool 
frequency, presence of fecal reducing 
substances, and requirement for dietary 
manipulation were significantly greater 
in neonates receiving antibiotics com- 
pared with controls. Infants manifesting 
symptomatic carbohydrate intolerance 
while receiving parenteral antibiotics 
may benefit either from receiving lac- 
tose-free formula or from decreasing the 
intake of lactose for the duration of anti- 
biotic therapy. 

(AJDC 1986;140:111-113) 


iarrhea associated with the use of 
certain antimicrobial agents is a 
well-recognized problem in adults and 
in older children. To our knowledge, 
however, antibiotic-associated diar- 
rhea has not been described in term 





For editorial comment see p 101. 





neonates receiving parenteral antibi- 
otics. Several antibiotics’’ have been 
implicated in the pathogenesis of diar- 
rhea, the severity of which, at least in 
adults, ranges from a mild self-limited 
process to a fulminant enterocolitis.‘ 
The pathogenesis of antibiotic-associ- 
ated diarrhea is poorly understood but 
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may be related to qualitative and quan- 
titative changes in intestinal and/or 
fecal flora.** These changes may result 
in carbohydrate malabsorption, which 
has been associated with antibiotics 
such as neomycin.”” The purpose of 
the present study was to determine 
the incidence of antibiotic-associated 
diarrhea in the first week of life in term 
neonates and to evaluate the effect of 
such treatment on carbohydrate ab- 
sorption. 


PATIENTS AND METHODS 


Study subjects were newborn infants 
who (1) were 37 weeks’ gestation or greater; 
(2) were free of major congenital anomalies; 
(3) received the first dose of parenteral 
antibiotics within 72 hours after birth (ex- 
perimental group); and (4) were either 
breast-fed or were fed a standard lactose- 
containing formula (7.2 g of lactose per 
100 mL). A second group of infants born 
during the same period, matched for gesta- 
tional age and birth weight, served as the 
control group. The study was approved by 
the Institutional Review Board of the Uni- 
versity of Texas Medical Branch at Gal- 
veston. 

The following data were collected on both 
groups: birth weight, gestational age, elini- 
cal diagnoses, age when first dose of antibi- 
otics was administered, age at first milk 
feeding and type of feed, number of stools 
per day, presence of reducing substances 
and occult blood in feces, time when first 
stool with greater than 0.5% reducing sub- 
stances was passed, and requirement for 
dietary manipulation. All infants were 
cared for by house officers who were un- 
aware of the purpose of the study. Orders 
for antibiotics and change of dilution of 
formula and/or type of formula were writ- 
ten by house officers under supervision of 
the attending physician. Tests for fecal 
reducing substances and for occult blood 
were routinely performed whenever the 
pattern of stools changed, ie, water loss. In 
general, the strength of formula was de- 
creased if several consecutive stools with 
2% reducing substances were passed, if 





this stool pattern persisted for more than 
two days, and if the formula was changed. 

Antibiotic treatment was initiated if the 
infant was considered at high risk for infec- 
tion or if sepsis was suspected clinically. 
Thirteen infants received antibiotics be- 
cause of clinical signs of infection such as 
lethargy, poor feeding, and temperature 
instability; eight because of maternal fever 
prior to delivery; two because of prolonged 
rupture of the membranes for greater than 
24 hours; and two because of abnormal 
white blood cell counts. 

Antibiotics were administered at stan- 
dard recommended dosages: ampicillin 
sodium, 100 mg/kg/day intramuscularly or 
intravenously and gentamicin sulfate, 
5 mg/kg/day intramuscularly, each in two 
divided doses, 12 hours apart. Cultures of 
blood and cerebrospinal fluid were obtained 
prior to antibiotic therapy. 

Unless otherwise contraindicated, all in- 
fants were fed according to the protocol in 
our nursery. Within the first four hours 
after birth, infants were offered sips of 
water followed by 5% glucose in water. If 
tolerated, formula-fed infants were fed 
30 mL of formula every feed every four 
hours, increasing to 60 mL per feed by the 
second day. Subsequently, infants were al- 
lowed ad libitum feedings. Breast-fed in- 
fants were nursed every three to four hours 
and occasionally supplemented with 5% 
glucose in water. 

Twenty-one (84%) of 25 infants in the 
experimental group and 19 (76%) of 25 
infants in the control group were fed for- 
mula. Two infants in the experimental 
group and four control infants were breast- 
fed exclusively. The remaining two infants 
in each group were breast-fed but also 
received feedings of formula. 

Consistency and color of every stool were 
recorded. If any stool was accompanied by 
water loss, it was then tested for reducing 
substances with Clinitest tablets” and for 
the presence of blood (Gamma Fe-Cult +). 
Results were recorded as 0.25%, 0.5%, 
0.75%, 1%, and 2%. All dietary manipula- 
tions such as diluting the formula to one- 
half or one-fourth strength, changing from 
formula to an oral glucose-electrolyte solu- 
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>0.5% Fecal Reducing Substances* 


ee —. O00 OO 


Experimental (n= 25) 
Control (n= 25) 


17 (21) 
0 (19) 


0 (2) 
1 (4) 





Human Milk 
Formula Human Milk and Formula 


Total 


19 (25) 
2 (25) 


Dietary Manipulation 


2 (2) 
1 (2) 


*Numbers in parentheses indicate actual number of infants fed formula, human milk, or a combination. 


tion, or discontinuing enteral feedings be- 
cause of clinically significant diarrhea were 
recorded. 

The data were collected for five days in 
both groups. This represented the longest 
period of time that control infants, all of 
whom were born by cesarean section, were 
hospitalized. Data were analyzed by Stu- 
dent’s t test and x’ analysis. 


RESULTS 


Twenty-five term neonates were 
monitored in each group. There were 
no significant differences between the 
experimental and control groups 
in either gestational age (+SD) 
(39.2+1.4 weeks vs 39.2+1.0 weeks) 
or birth weight (+SD) (3,324 + 648 g 
vs 3,495 + 465 g). None of the infants in 
either group had evidence of perinatal 
asphyxia, respiratory distress, hypo- 
tension, vomiting, or ileus. 

Infants in the experimental group 
had antibiotic therapy started at a 
mean age (+SD) of 6.5+6.2 hours. 
None of these infants had bacteri- 
ologically culture-proven sepsis and/or 
meningitis. 

Control infants received their first 
milk feeding at a mean age (+SD) of 
9.1+5.3 hours, with a range of 4 to 
32 hours. Infants in the experimental 
group received their first milk feeding 
at a mean age (+SD) of 30.2+17.7 
hours, with a range of 4 to 68 hours. 
Infants with suspected infection were 
more likely to have the onset of their 
feedings delayed pending a period of 
clinical observation during which 10% 
dextrose in water was provided in- 
travenously. 

Infants in the experimental group 
had a significantly (P<.01) greater 
number of stools during the study pe- 
riod (8.1+ 0.8 stools per day) compared 
with the control group (2.2+0.5 stools 
per day). None of the stools tested in 
either group was positive for the pres- 
ence of blood. 

Fecal reducing substances (>0.5%) 
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were present in a significantly 
(P<.001, by x’ analysis) greater num- 
ber of infants receiving antibiotics 
(19/25) than in the control group (2/25) 
(Table); similarly, a significantly 
(P<.001) greater proportion of stools 
in the experimental group (30%) dem- 
onstrated reducing substances than in 
the control group (2.5%). Of the 115 
loose stools tested in the experimental 
group, 79 had reducing substances 
greater than 0.5% (69%) compared 
with four (57.8%) of seven in the con- 
trol group. Time from the first feed to 
the first stool positive for reducing 
substances was similar in the two 
groups. 

The time of onset of the first positive 
stools from the time of first feed in the 
experimental group is summarized in 
the Figure. Five infants in the experi- 
mental group manifested loose stools 
positive for the presence of reducing 
substances within 24 hours of begin- 
ning feedings and an additional ten 
more infants manifested this finding 
by 48 hours. The incidence subse- 
quently declined. In the control group, 
the two infants manifesting carbohy- 
drate intolerance did so at 17 and 34 
hours, respectively, after their first 
feed. 

Dietary manipulation because of 
continuing Clinitest positive stools 
consisted of either diluting the formula 
to one-half or one-fourth strength (13 
infants), or limiting the volume (one 
infant). This resulted in decreased 
stool frequency and decreased inci- 
dence of stools positive for reducing 
substances. Three infants in the exper- 
imental group subsequently required 
change to a non-lactose containing for- 
mula because of continued diarrhea. 
After completion of their course of 
antibiotic therapy, these infants re- 
sumed feeding of a lactose-containing 
formula and had no resumption of diar- 
rhea. 


% Infants 
100 


Experimental Group 


80 


60 


40 


20 


Fecal Reducing Substances >0.5% 





0-24 25-48 49-72 73-96 


Time After First Feed, hr 


Relationship between fecal reducing sub- 
stances (>0.5%) and duration of feeding in 
neonates receiving antibiotics. Two infants 
in control group (not shown) manifested 
carbohydrate intolerance at 17 and 34 hours 
of feeding, respectively. Numbers in paren- 
theses indicate number of infants. 


COMMENT 


Carbohydrate digestion and absorp- 
tion are highly specific. Three types of 
carbohydrate malabsorption syn- 
dromes have been described: (1) pri- 
mary or congenital, (2) secondary, and 
(3) ontogenetic.” The primary, or con- 
genital, specific carbohydrate malab- 
sorption syndromes are rare. Second- 
ary carbohydrate malabsorption syn- 
dromes are usually associated with a 
number of gastrointestinal disorders 
resulting in mucosal damage leading to 
diminished small-intestinal enzymatic 
function. Lactose malabsorption is the 
most frequent alteration encountered 
and usually follows diarrheal disease.” 
The third entity, ontogenetic type of 
malabsorption,” occurs during the 
time that lactase activity is normally 
low, such as in the immediate neonatal 
period or beyond several years of age in 
certain ethnic groups. 

Carbohydrate malabsorption may 
be assumed to occur by the finding of 
more than 0.5% reducing substances in 
the feces” or from the finding of more 
than 0.15 g/L reducing substances in 
the urine.” Elevated breath hydrogen 
measurements also indicate carbohy- 
drate malabsorption,” although the 
finding of elevated breath hydrogen 
cannot be equated with symptomatic 
intolerance.” Reports concerning the 
frequency of carbohydrate malabsorp- 
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tion in neonates are conflicting .and 
figures range from 0% to 50%.” In 
this study only 8% of normal term 
infants manifested carbohydrate mal- 
absorption as evidenced by watery 
stools and presence of fecal reducing 
substances. This figure is similar to 
that of 11.1% reported by Book et al” 
who determined the incidence of fecal 
reducing substances between three 
and five days of life in term infants fed 
a lactose-containing formula. In con- 
trast, carbohydrate malabsorption oc- 
curred in 76% of the infants who re- 
ceived parenteral antibiotics and were 
fed lactose-containing formulas or 
human milk. To our knowledge, this is 
the first report of carbohydrate in- 
tolerance in term neonates receiving 
parenteral antibiotics. 

Reasons for the higher incidence of 
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carbohydrate intolerance in infants re- 
ceiving parenteral antibiotics are un- 
clear. Previous studies have reported 
the association of secondary carbohy- 
drate malabsorption with orally ad- 
ministered neomycin. It is possible 
that both enterally and parenterally 
administered antibiotics alter m:ero- 
flora in the intestine,’ hasten bowel 
transit time, decreasing the time in 
which carbohydrate that is normally in 
the colon and the microflora will be in 
contact, thereby increasing reducing 
substances, or have a direct action on 
gut mucosa.” 

In most cases of carbohydrate in- 
tolerance, decreasing the carbohy- 
drate load by increasing the dilution of 
formula appeared to ameliorate the 
clinical symptoms. In three infants 
who had continued diarrhea, a lactose- 
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free formula was fed with prompt reso- 
lution. 

In summary, we have demonstrated 
a significant increase in carbohydrate 
malabsorption in a group of term neo- 
nates receiving parenteral antibiotics. 
The exact mechanism of this phenome- 
non is unclear. More studies are 
needed to delineate the role of am- 
picillin and gentamicin in the induction 
of carbohydrate malabsorption. In- 
fants demonstrating such malabsorp- 
tion may benefit either from receiving 
a lactose-free formula or from decreas- 
ing their intake of lactose for the dura- 
tion of antibiotic therapy. 
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Quality Control of Laboratory Tests Run 
in a Neonatal Intensive Care Unit 


Warren B. Karp, PhD, DMD; William P. Kanto, Jr, MD; Alex F. Robertson, MD 


èe We examined the accuracy of labo- 
ratory screening tests in eight neonatal 
intensive care units. Analytes were pro- 
vided by the EXCEL proficiency testing 
program of the College of American Pa- 
thologists (CAP), Skokie, Ill, samples 
were analyzed for hematocrit values and 
urine specific gravity. ‘“Dipstick” tests 
were also performed for urinary protein, 
bilirubin, blood, glucose, pH, and ke- 
tones. The one intensive care unit that 
adhered to a formal quality control pro- 
gram for all these tests uniformly re- 
ported results well within statistically 
acceptable limits as defined by CAP. The 
seven other centers reported 14 in- 
stances of results that were either 
greater than 1 SD of the mean or consid- 
ered by the consensus method to be out- 
side acceptable CAP limits. Three of 
these results may have led to inappropri- 
ate clinical action in neonates. We con- 
clude that there is a real potential for 
errors to be made in screening tests run 
by nurses in a neonatal intensive care 
unit when a formalized quality control 
program is not in effect. 

(AJDC 1986;140:114-116) 


n a neonatal intensive care unit it is 

common for nurses to run selected 
tests used in the routine care of pa- 
tients.’ These tests often include de- 
termination of hematocrit values, 
urine specific gravity, and a variety of 
“dipstick” tests for blood glucose and 
urinary protein, bilirubin, blood, pH, 
glucose, and ketone bodies. Although 
control standards are available for use 
with these simple tests,’ they are 
generally performed in the nursery 
with minimal or no quality control pro- 
cedures. The test procedures per- 


Accepted for publication Aug 6, 1985. 

From the Section of Neonatology, Department 
of Pediatrics, The Medical College of Georgia, 
Augusta. 

Reprint requests to Department of Pediatrics, 
The Medical College of Georgia, Augusta, GA 
30912 (Dr Karp). 


114 AJDC—Vol 140, Feb 1986 


"Intensive care unit 1f 





‚g E 
-Intensive 


formed by nurses in our neonatal in- 
tensive care unit are monitored daily 


Urine 
Specific 
Location Gravity SDI 


nopaput ts % SDI Hematocrit 2, % SDI 


Exposure 1 
Aea 2 


i54 


— 1.8} 
soma 1 ies 
a veka e 





= EA x -tA Er Bit) > Aaa, 2 m 
; ear pel ar aes iON oa tg D eek 5 i g> 
A ei a IE tr Rh 





ser es a 
ORUS 2 


—1.8f 


Soe 1 
cee 2 


appa Cr, 
Exposure 2 


Hematocrit 1, % Hematocrit 2, % Specific Gravity 
p EEE, ee Eee —_—_—_—_—_—_[_$_—_—_—_—_——_ 
No. of No. of No. of 
CAP Statistics Group Mean SD Labs Group Mean SD Labs Group Mean SD Labs 


Exposure 1 34.68 1.41 308 15.76 0.84 307 1.0146 0.0015 397 
Exposure 2 19.64 0.90 269 24.78 1.19 266 1.0185 0.0012 363 


*SDI indicates standard deviation index; CAP, College of American Pathologists; and Labs, 





laboratories. 


tData gathered at The Medical College of Georgia, Augusta. 
+SDI=1.0. 


has on the accuracy of the data gener- 
ated, we compared our test results 
with results obtained on identical sam- 


as part of an ongoing quality control 
program provided by the Clinical Peri- 
natal Laboratory within the Section of 
Neonatology, The Medical College of 
Georgia, Augusta. To investigate the 
impact our quality control program 


ples analyzed in seven other neonatal 
intensive care units in the southeast- 
ern United States where thorough 
quality control was not routinely per- 
formed. 
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MATERIALS AND METHODS 


Each neonatal intensive care unit in this 
study received two separate and different 
groups of samples for proficiency testing 
one month apart. Each group consisted of 
two blood samples for determination of 
microhematocrit values and one lyophy- 
lized urine sample for specific gravity and 
dipstick analysis. The samples were sup- 
plied from the College of American Pathol- 
ogists (CAP) EXCEL proficiency testing 
survey.’ Instructions accompanying the 
samples indicated that all samples were to 
be refrigerated upon arrival and run within 
seven days of delivery. The instructions 
also stated that the samples were to be 
analyzed by personnel (usually nurses) rou- 
tinely responsible for performing these 
tests on patients in the intensive care set- 
ting. Identical 25-mL pipettes were sup- 
plied with each lyophylized urinalysis sam- 
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ple for reconstitution of the sample with 
distilled water. Although we asked that 
samples not receive special treatment, per- 
sonnel analyzing them were aware that 
they were test samples. 


RESULTS 


Table 1 presents a summary of the 
results of hematocrit and specific grav- 
ity determinations. The standard devi- 
ation index (SDI) is a tool used by CAP 
to inform laboratories of the accept- 
ability of their results.* It is calculated 
as follows: SDI=(individual re- 
sult — group mean)/SD. Generally, if a 
result is equal to or less than 1 SDI, 
this is taken as being “good” perfcrm- 
ance; equal to or less than 2 SDI, 
acceptable; and greater than 2 SDI, 
unacceptable. In Table 1 there are nine 


instances of results greater than1 SDI. 
In this study, hematocrit values were 
generally determined as micro- 
hematocrit values and specific gravity 
by refractometer. Intensive care unit 
6, which had an SDI of 3.1 for the 
specific gravity determined in expo- 
sure 1, was unique in the group in that 
this center used dipstick tests. 

Table 2 shows results obtained on 
the qualitative dipstick tests. There 
are five instances where the result 
from an intensive care unit did not fall 
within the area of good performance as 
defined by CAP. For qualitative proce- 
dures CAP uses the consensus method 
for establishing good performance.‘ 
The consensus method is defined as a 
predetermined percentage of agree- 
ment of either the participant group or 
the referee group. As with the quan- 
titative procedures, results of testing 
by our laboratory staff always fell 
within the good performance range as 
defined by CAP. Commercially avail- 
able dipstick tests used in the qualita- 
tive procedures reported in Table 2 
varied from laboratory to laboratory; 
they included Chemstrip BG (Bio-Dy- 
namics, Indianapolis); Clinitest (Eli 
Lilly & Co, Indianapolis); and Testape, 
Ames-Keto-Diastix, Ames-Labstix, 
Ames-Bili-Labstix, Ames-Multistix, 
and Ames-Multistix-SG (Miles Labo- 
ratory, Elkhart, Ind). 


COMMENT 


Although the principle of quality 
control for laboratory tests is univer- 
sally accepted, in practice few small 
laboratory settings routinely use ade- 
quate and standardized quality control 
for screening procedures’ such as 
those described in this report. Small 
laboratory settings might include phy- 
sicians’ offices, intensive care units, 
and homes in which self-testing is per- 
formed. The clinical laboratory re- 
sponsible for monitoring laboratory 
tests in our neonatal intensive care 
unit is accredited by CAP and, as a 
result, the laboratory follows the stan- 
dard quality control procedures re- 
quired by this accrediting agency. 

Our quality control of these simple 
screening procedures can be divided 
into several specific areas. First, we 
routinely test our nursing personnel 
for color blindness; moreover, we stan- 
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dardize their perception of colors on 
the various dipstick tests. Second, we 
deliver quality control samples to our 
neonatal intensive care unit daily to 
verify the freshness of reagents and 
the performance of the personnel. 
Third, each month we furnish “mys- 
tery” proficiency examination samples 
for each test; we compare these results 
to those reported by the main clinical 
chemistry laboratory in the hospital. 
Fourth, we belong to an extramural 
proficiency testing program, allowing 
us to compare our results with results 
reported throughout the country. Fi- 
nally, all equipment, such as micro- 
hematocrit centrifuges and refrac- 
tometers, is on a preventive mainte- 
nance schedule. 

Since there were 14 instances of re- 
sults that were either outside 1 SD 
of the mean or considered by consen- 
sus to lie outside acceptable CAP 
limits, we evaluated the clinical impact 
of these results on patient care. The 
low hematocrit values reported by in- 
tensive care unit 3 (exposure 1, hema- 
tocrit 1), and the low urine specific 
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gravities reported by intensive care 
units 2 and 6 (exposures 2 and 1, re- 
spectively) might have caused inap- 
propriate clinical actions. The falsely 
low hematocrit values might have led 
to an unnecessary transfusion, 
whereas the falsely low specific grav- 
ities might not have alerted the neo- 
natologists to the fact that the infants 
were being given insufficient fluids. 
Although none of the results of the 
qualitative dipstick tests would have 
caused a heightened clinical concern in 
neonates, if these results had been 
reported in adults in either a home- 
testing setting or a physician’s office, 
inappropriate clinical activity might 
have resulted. The trace urinary pro- 
teins, which were in reality negative, 
might have led to additional unneces- 
sary studies in adults. The negative 
urinary blood, which was in reality 
trace, might have caused lack of appro- 
priate clinical concern. 

We conclude that a formal quality 
control program should be established 
for nurses running laboratory screen- 
ing tests in the intensive care setting. 


Without such a program there is a real 
potential that data generated by these 
tests will result in inappropriate 
clinical management of neonates. 


We express our sincere appreciation to the 
College of American Pathologists, Skokie, Ill, for 
supplying the additional proficiency examination 
samples we used in this study and for allowing us 
to use their cumulative statistics. We also thank 
the other neonatal intensive care units for cooper- 
ating with us, as well as Peggy King for typing 
the manuscript. 
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Pediatric Thyroidology, edited by F. Delange, D. A. Fisher, and 
P. Malvaux, 412 pp, 64 illus, $117.25, Basel, Switzerland, S Karger AG, 1985. 


This text, written by a group of internationally known 
pediatric thyroid specialists, is a book that has been sorely 
needed; it will serve as an excellent reference for any 
physician caring for infants, children, adolescents, or young 
adults. 

There are a total of 13 chapters; the first chapter dis- 
cusses thyroid gland development and normal thyroid 
physiology; it serves as a nice review before subsequent 
chapters deal with more specific areas, such as thyroid 
testing, screening procedures, autoimmunity, tumors. The 
chapters discussing “Assessment of Thyroid Function,” 
“Thyroid Cancer,” “Low T; Syndrome,” and “Thyroid Dys- 
function in the Premature Infant” are particularly well 
done, and clearly present information that often to this 
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reviewer seemed contradictory and confusing. In addition 
to the above chapters specifically mentioned, there are 
chapters concerning hypothyroidism, hyperthyroid (in- 
cluding neonatal), thyroiditis, and goiter; all are well writ- 
ten. 

The tables and figures are easy to interpret and ade- 
quately described. A very complete list of references fol- 
lows each chapter. 

In summary, this is an excellent text, well organized, 
thorough, and easily readable. It is a welcome addition to 
texts in the pediatric subspecialty areas. 

ELMER S. LIGHTNER, MD 
Department of Pediatrics 
Arizona Health Sciences Center 
1501 N Campbell Ave 

Tucson, AZ 85724 
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Neonatal Sepsis due to Nontypable 
Haemophilus influenzae 


Paul Campognone, MS, Don B. Singer, MD 


e From August 1980 through July 
1984, 19 neonates had sepsis due to 
Haemophilus influenzae. Onset of dis- 
ease occurred within 48 hours of birth of 
all the neonates. One neonate was born 
at term and 18 were born prematurely, 
including seven neonates born before 28 
weeks’ gestation. Eight neonates and 
one fetus died, six of them within 24 
hours of birth. Acute chorioamnionitis 
was present in the placentas. Those neo- 
nates with the most severe placental 
inflammation survived while all of those 
who died had moderate or only mild 
chorioamnionitis. Acute villitis was 
noted in the placentas of three neonates 
who died. Respiratory distress syn- 
drome (in 15 neonates) and pneumonia 
(in 15 neonates) were noted in 18 liveborn 
patients. Nine mothers had fever, six of 
them with genitourinary infections and 
one with septicemia due to H influenzae. 
All isolates of H influenzae were submit- 
ted for serologic typing and none were 
typable. In 14 cases, isolates were bio- 
typed yielding eight with biotype Il, four 
with biotype Ill, and one each with bio- 
types IV and V. Neonatal sepsis due to 
nontypable H influenzae is now nearly as 
common as sepsis due to group B Strep- 
tococcus. Both organisms produce dis- 
eases with many features in common, 
especially fulminant courses with respi- 
ratory distress and pneumonia, and 
often have a fatal outcome. 

(AJDC 1986;140:117-121) 
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Heemophilus influenzae organisms 

are infrequently found in cases of 
perinatal sepsis.’” Wallace and eol- 
leagues? found fewer than 50 patients 
reported in the literature from 1909 to 
1981, but cases have accumulated with 
increasing frequency in the past dec- 
ade.**® Prior to 1980, we had had only 
one fatal case of perinatal sepsis due to 
H influenzae at Women & Infants’ 
Hospital, Providence, RI. In the past 
four years, 19 new cases have been 
diagnosed here, in which nine neo- 
nates have died. This study describes 
the findings in these 19 cases. 


PATIENTS AND METHODS 


The records of the microbiology labora- 
tory at Women & Infants’ Hospital were 
reviewed for a four-year period beginning 
in August 1980 and ending in July 1984. 
During this period, 32,329 live births, 332 
neonatal deaths, and 281 fetal deaths were 
recorded. The perinatal mortality and sep- 
sis rates were 18.96 and 7.4 per 1,000 live 
births, respectively. Two hundred forty 
cases of neonatal sepsis were documented 
during this time by positive cultures of 
blood or cerebrospinal fluid; 16 of these 
cases were due to H influenzae. The organ- 
ism was cultured from tissues at autopsy in 
three patients with clinical and autopsy 
findings characteristic of perinatal sepsis. 
In addition to cultures of blood and cere- 
brospinal fluid, cultures were also available 
from the placentas, gastric aspirates, or 
from genital tracts of the mothers in most 
cases. 

Blood cultures were inoculated into 
30 mL of both aerobic and anaerobic supple- 
mented tryptic soy broths. These cultures 
were then monitored radiometrically 
(Bactec model 460) for five days with sub- 
cultures at day 3 to chocolate agar and 
Columbia anaerobic agar. Cultures from 
placental surfaces and maternal cultures of 
cervix, lochia, endometrium, and vagina 
were processed for Haemophilus sp using 
tryptic soy broth with 5% sheep blood and 


for Staphylococcus aureus using streaks 
and/or chocolate agar; the cultures were 
then incubated at 35 °C in 5% carbon diox- 
ide. Haemophilus sp isolates were identi- 
fied by colonial morphology, Gram’s stain, 
and satellitism. Specific identification was 
accomplished by testing the isolates for 
their inability to synthesize porphyrins 
from §-aminolevulinic acid.’ 

All isolates were biotyped using the sys- 
tem (API 20E) as described by Holmes and 
colleagues.* Serotyping was performed by 
slide agglutination with rabbit antiserum 
to H influenzae groups a, b, c, d, e, and f. 
Sensitivities to antimicrobials were tested 
using disk diffusion, and B-lactamase activ- 
ity was tested with the chromogenic 
cephalosporin, nitrocefin sodium. 

Clinical records and hospital charts were 
reviewed from each case. Neutropenia was 
defined as less than 2,000 neutrophils, seg- 
mented and band forms combined, in 1 mL 
of blood. Autopsy protocols and slides from 
the fatal cases were reviewed. Lung tissues 
were examined microscopically using hem- 
atoxylin-eosin, Gram’s, and Giemsa stains. 
All other tissues were examined microscop- 
ically with hematoxylin-eosin stain only. 
Placentas were available for pathologic 
review in 17 cases. Chorioamnionitis was 
classified as follows: mild, scattered neu- 
trophils alternated with uninflamed areas; 
moderate, neutrophils clustered and occur- 
ring uniformly in the placental membranes; 
and severe, neutrophils found in solid 
sheets and associated with necrosis of 
tissue. 


RESULTS 


Two or three neonates with H influ- 
enzae sepsis were identified per year 
in 1980, 1981, and 1982. In 1983 and the 
first seven months of 1984, 11 cases 
were recorded. Of a total of 19 patients, 
seven neonates and one fetus died as a 
direct result of the infection. A ninth 
neonate recovered from the perinatal 
infection but died at 7 weeks of age due 
to complications of prematurity. 
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Patient No./ 

Sex/Gestational Birth Birth, 

Age, wk 
1/F/23 680 6/82 
2/F/24 680 4/81 
3/M/24 690 6/83 
4/F/26 650 11/82 
5/M/26 780 11/83 
6/M/27 1,030 12/83 
7/M/28 860 7/84 
8/M/29 1,370 6/84 
9/M/31 2,060 8/80 
10/F/31 1,780 11/80 
11/F/31 1,260 9/80 
12/M/32 1,925 3/81 
13/M/32 1,960 9/83 
14/M/33 1,990 8/80 
15/M/33 1,860 3/84 
16/F/34 2,020 5/83 
17/M/35 2,050 7/84 
18/F/36 2,070 9/80 
19/F/41 3,020 1/83 


6t 


Maternal Features 
—. ———_- M  —--—, 
Premature Temper- 
Rupture of ature, 
Weight, g mo/yr Membranes, hr 


°C 
39.4 
37.8 
37.9 
38.2 
40 
39 


39.8 
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*RDS indicates respiratory distress syndrome; IVH, cerebral intraventricular hemorrhage; CSF, cerebrospinal fluid; plus, presence of feature; minus, absence 


Patient 


No./Sex Weight, g Pneumonia 


Birth 


of feature; and NT, not tested. 
tEstimated duration. 
Death. 
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Hyaline 
Membrane 
Disease 


Interstitial 


*Plus indicates presence of lesion; minus, absence of lesion. 
tNP indicates none present. 
+Bronchopulmonary dysplasia developed in these patients. 


Brain Lesions 


amama — 


Pulmonary 
Emphysema Hemorrhage 


Germinal 


Hemorrhage 


Intraventricular 
Hemorrhage 





Other Lesionst 
NP 
NP 


Rickets, hepatic fibrosis, patent 
ductus arteriosus, 
myocardial necrosis 


Kernicterus, tracheal necrosis, 
monilial abscess of 
paraesophageal tissues 


Kernicterus, necrotic bronchial 
epithelium, macrosomia, 
pancreatic islet hyperplasia 


Minimal autolysis in stillborn 
fetus 


Hepatic capsular hematoma, 
hemoperitoneum, growth 
retardation 


NP 
Mild pulmonary edema 
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H influenzae 


LE 


Neonatal Sites Positive for Bacterial Growth 


Blood Placenta Lung Stomach Eye CSF Biotype 
+ + - -— NT NT NT 
+ + -— NT NT Il 
+ + - — NT NT lll 
+ + NT + + NT IV 
+ + NT - NT NT Ill 
+ + NT = NT NT II 
+ NT NT _ + NT Il 
+ + - — NT NT lI 
+ + — -— NT NT NT 
- + + NT NT NT NT 
+ + + + NT NT III 
+ NT + -— NT - Il 
+ NT NT + NT NT Il 
+ NT _ + NT NT II 
+ NT NT + + NT IIl 
+ - NT -— NT NT V 
+ NT NT — NT NT Ill 
+ - NT — NT + NT 
+ - NT — NT NT NT 


The maternal, neonatal, and bac- 
teriologic data are shown in Table 1. 
Nine mothers had peripartum fever 
and one had septicemia with blood 
cultures positive for H influenzae 
following cesarean section. Haemoph- 
ilus influenzae was cultured from 
the placentas in five of eight cases with 
positive maternal cultures and from 
four other placentas. 

Five mothers were in their first 
pregnancy. The 14 others had a com- 
bined total of 23 previous pregnancies 
resulting in 20 living infants. A dia- 
betic mother, the only one with preex- 
isting maternal disease, had previ- 
ously delivered a stillborn fetus at 
eight months’ gestation (patient 9). 
None of the previous pregnancies was 
complicated by perinatal infection. 

One member of a twin pair is in- 
cluded; twin A (patient 1) had infection 
due to H influenzae while twin B 
was infected with a Staphylococcus 
organism. 

All of the neonates were ill within 
the first two days of life, ie, the infec- 
tions were all of early-onset type. Res- 
piratory distress syndrome and pneu- 
monia were the predominant diseases, 
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each occurring in 15 patients. Cerebral 
intraventricular hemorrhage occurred 
in nine neonates and neutropenia was 
noted in eight neonates during the first 
24 hours of life. Cultures of eere- 
brospinal fluid were obtained from two 
patients; the culture was positive for 
H influenzae in one patient (patient 
18). This growth might have been from 
the blood since this neonate had cere- 
bral intraventricular hemorrhage be- 
fore the cerebrospinal fluid was ob- 
tained. Two of three neonates with 
conjunctival infections had recurrent 
bouts of conjunctivitis at 4 and 7 weeks 
of age, respectively (patients 4 and 15). 

The isolates of H influenzae were 
uniformly sensitive to ampicillin so- 
dium, cephalothin sodium, cefazolin 
sodium, erythromycin ethyl succinate, 
gentamicin sulfate, kanamycin sulfate, 
and tetracycline hydrochloride. All of 
the neonates received ampicillin ex- 
cept patients 1, 2, and 10, each of whom 
died before 2 hours of age. Four pa- 
tients also received kanamycin, two 
patients received gentamicin, one pa- 
tient received both kanamycin and 
gentamicin, and one patient received 
kanamycin and chloramphenicol pal- 
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mitate in addition to the ampicillin. 

The pathologic features in the nine 
fatal cases are listed in Table 2. The 
lone fetal death occurred shortly be- 
fore delivery at 31 weeks’ gestation 
(patient 10). Six of the eight remaining 
patients died within 24 hours of birth. 
Pneumonia was present in seven pa- 
tients, including the stillborn fetus 
(Fig 1). Gram’s and Giemsa stains did 
not show organisms in the inflamed 
tissues. 

Other than pneumonia, inflam- 
matory lesions were limited to the 
neonate who survived for eight days 
and who had a paraesophageal abscess 
with superimposed monilial infection 
(patient 8). 

Among the nine neonates with au- 
topsies, four neonates had severe leu- 
kopenia and neutropenia, but bone 
marrow specimens showed normal cel- 
lularity and a normal complement of 
myeloid cells in all stages of matura- 
tion. Bone marrow aspirates were not 
obtained in any of the surviving in- 
fants. , 

Placental inflammation occurred in 
all 17 placentas submitted for examina- 
tion (Table 3). Focal acute villitis was 
found in the placentas of three neo- 
nates who died (Fig 2). Among the five 
patients with severe chorioamnionitis, 
none died of infection while six of those 
with mild or moderate chorioamnio- 
nitis died due to sepsis. 

Each of the three neonates who sur- 
vived beyond two days but who subse- 
quently died had extensive pulmonary 
interstitial fibrosis characteristic of 
bronchopulmonary dysplasia and 
other lesions associated with pre- 
maturity. One neonate with sepsis was 
born at 24 weeks’ gestation and was 
successfully treated with antibiotics. 
A progression of complications includ- 
ing bronchopulmonary dysplasia, 
hepatic fibrosis, rickets, and myocar- 
dial necrosis ended with the patient’s 
death at 7 weeks of age (patient 3). 

All of the H influenzae organisms 
were tested for capsular serotype; 
since all isolates were unencapsulated, 
all were nontypable. Fourteen isolates 
with biotypes showed the following 
results: biotype II in eight cases, five 
of which were fatal; biotype III in four 
cases, one of which was fatal; biotype 
IV in one case; and biotype V in one 


119 








Fig 1.—Neonatal pneumonia with neutrophils in bronchioles, air 
saccules, and interstitium of patient 1, who died at 1 hour 15 minutes 
of age (hematoxylin-eosin, x 100). 
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*One patient (patient 3) died at 7 weeks of age from complications of prematurity. 


case. In three of the fatal cases and in 
two survivors, biotyping was not per- 
formed on the isolates of H influenzae. 


COMMENT 


Haemophilus influenzae has not 
heretofore been considered a common 
cause of neonatal sepsis.*?®®>® In the 
past decade several cases have been 
reported from neonatal intensive care 
units, and most of these cases are 
included in the review by Wallace and 
colleagues.’ In their own prospective 
study of a large group of neonates born 
in Houston between 1976 and 1981, 
they found 11 cases of sepsis due to 
H influenzae.’ Lillien and colleagues’ 
reported nine cases in Chicago, eight 
of which were fatal, in the relatively 
short interval of 4% years. Khuri- 
Bulos and McIntosh,‘ reporting from 
Denver, had eight patients in 3% 
years, all of whom survived. Freed- 
man and colleagues" found nine cases 
in the past decade in New Haven, 
Conn, and reports from London sug- 
gest that more cases are emerging 
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there.” As this report indicates, 
H influenzae now accounts for 7.9% of 
all cases of neonatal sepsis in our hos- 
pital. This is more than twice the 3.8% 
rate found by the group at Yale” and 
more than three times the 2.6% rate 
found by Wallace and colleagues’ in 
their prospective study in Houston. 

Haemophilus influenzae produces 
a neonatal syndrome similar to 
that found with group B strepto- 
coccal (GBS) sepsis of early-onset 
type.*°°""™ Both diseases are pres- 
ent at birth or commence within a few 
hours following birth. The main fea- 
tures are fulminant infection with 
pneumonia and respiratory distress in 
neonates of low birth weight. The dis- 
eases are especially fulminant in neo- 
nates with very low birth weights (less 
than 1,500 g), and fatalities occur in 
more than half of the neonates born 
before 32 weeks’ gestation.** 

Further comparisons of H influ- 
enzae sepsis and GBS sepsis bear men- 
tion. The rate of maternal genital col- 
onization with H influenzae is low, less 
than 1%.**""® This compares with the 
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high rate of female genital colonization 
with GBS, ranging from about 10% to 
50%." In contrast to the colonization 
rate, the neonatal infection rate with 
H influenzae is high, perhaps 50%,** 
while infection rates among infants 
colonized with GBS are low, about 
1% 28" 

The route of entry of the H influ- 
enzae organisms into the fetus is most 
often by the ascending transcervical 
route and then to the fetus by aspira- 
tion into the lungs or swallowing of 
infected amniotic fluid.” In three of 
our fatal cases, villitis was present 
indicating that either the maternal or 
the fetal bloodstream was infected 
and, therefore, that the infection was 
of longer duration or was more severe 
than in those cases without villitis. 
Chorioamnionitis occurred in all pla- 
centas but paradoxically was more se- 
vere among survivors than among 
those who died. 

Neutropenia, a common feature in 
the early stages of neonatal sepsis,” 
occurred in eight of our patients, of 
whom four died. 

The majority of H influenzae 
isolates from neonates are nonencap- 
sulated. Wallace and colleagues’ found 
in their review of approximately 50 
cases that 20% of the isolates were 
encapsulated and all of these had sero- 
type b. All of the H influenzae 
organisms in this study were nonen- 
capsulated, and most had biotypes II 
and III. None had biotype I, the bio- 
type most associated with H influ- 
enzae with type b.” 
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Treatment of neonatal H influenzae 
sepsis with ampicillin is effective but 
only if the infection is in its early 
stages. Since sepsis due to H influ- 
enzae is fulminant, since it is clinically 
indistinguishable from GBS sepsis of 
early-onset type, and since both 
causative agents are sensitive to am- 
picillin, the early empiric administra- 
tion of that antibiotic is warranted 
while awaiting the results of identifica- 
tion of the specific infectious agent. 


This study could not have been completed 
without the technical assistance of Robin Neale, 
Dana Roberti, Janet Gardner, Elaine Kelahan, 
Nancy McGinness, Elaine Kuchman, Dorothy 
Landry, and Margaret Whelan. We thank Elaine 
Peters for preparing and proofreading the manu- 
script. 
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Response to Epinephrine 
in Children Receiving Oral B-Agonists 


Dennis R. Ownby, MD, John Anderson, MD 


e Physicians are sometimes con- 
cerned that the regular use of oral 
B-agonists in the outpatient manage- 
ment of childhood asthma will result in 
decreased sensitivity or tachyphylaxis 
to these agents. While tachyphylaxis 
might not be clinically important during 
outpatient treatment, it could become 
significant during the emergency treat- 
ment of acute asthmatic attacks. We 
compared the increase in peak flow mea- 
surements before and 20 minutes after 
the injection of subcutaneous epi- 
nephrine hydrochloride in children with 
acute asthma and found no significant 
differences between those patients tak- 
ing and those not taking oral B-agonists. 

(AJDC 1986;140:122-123) 


ora B-agonist agents are commonly 

used on a daily basis for outpatient 
treatment of children with chronic 
asthma. The frequency or dosage of 
these drugs may be increased to abort 
acute asthma attacks. If outpatient 
treatment fails and the patient pre- 
sents for emergency care, the physi- 
cian must decide whether further 
treatment with more B-agonists will 
likely be effective. 

Several studies have shown, both in 
vitro and in vivo, that repeated use of 
B-agonist agents results in decreased 
responsiveness, or tachyphylaxis, of 
the bronchial smooth muscle. These 
reports have included the development 
of tolerance to both oral* and inhaled?’ 
selective B-agonists in adult patients 
with asthma. Even though these stud- 
ies demonstrated tachyphylaxis, a 
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study of adults with acute asthma 
showed no significant decrease in the 
response to inhaled or injected B-ago- 
nists in patients who reported prior 
use of B-agonists.° The purpose of this 
study was to determine whether clini- 
cally significant tachyphylaxis to sub- 
cutaneous epinephrine hydrochloride 
occurs in children who are taking oral 
terbutaline sulfate or metaproterenol 
sulfate. 


PATIENTS AND METHODS 


Data collected as part of our previous 
study were analyzed to determine whether 
there was evidence of tachyphylaxis.’ The 
criteria for entrance into the study were 
the following: (1) that the child be 5 to 17 
years of age; (2) that the asthma attack was 
sufficiently severe to require immediate 
treatment; (3) that the attack was not com- 
plicated by other medical problems, such as 
respiratory infections; and (4) that the child 
be able to cooperate with peak flow testing. 

Each patient and parent were given an 
interview, which included a detailed his- 
tory of medication use followed by physical 
examination. All patients were initially 
treated with an injection of 1:1,000 aqueous 
epinephrine hydrochloride (0.01 mL/kg; 
maximum dose, 0.3 mL). Before treatment 
and 20 minutes after the initial injection of 
epinephrine, peak flow measurements 
were obtained using a Wright’s peak flow 
meter. The measurements were made by 
individuals who were experienced at coach- 
ing maximal efforts from patients, and the 
best of three attempts was recorded. Se- 
rum theophylline determinations were ob- 
tained in all cases. 

For analysis, the peak flow measure- 
ments were converted to the percentage of 
predicted peak flow by using published 
regression equations.* Both the Student’s t 
and Mann-Whitney tests were used to 
determine whether patients who were re- 
ceiving oral B-agonists had significantly 
different peak flow results before and after 
the epinephrine was administered, and 
whether the percent increase in their peak 


flow measurements after the injection of 
epinephrine was different. The results of 
the two statistical tests were always in 
accordance, and only the results of the 
Student’s ¢ test will be reported. In our 
previous study, the use of oral B-agonists 
did not increase the probability of hospital 
admission.’ 


RESULTS 


One hundred visits were made by 58 
different patients with a mean age of 11 
years. Seventy-four visits were made 
by patients who stated that they had 
been taking their prescribed oral 
B-agonists. For 50 visits, the average 
prescribed dose was 0.2 mg/kg/24 hr of 
oral terbutaline sulfate, and, for 
24 visits, the average dose was 
1.4 mg/kg/24 hr of metaproterenol sul- 
fate. There were no distinguishing 
characteristics between the patients 
who were prescribed oral terbutaline 
and those who were prescribed meta- 
proterenol, in terms of age, sex, initial 
peak flow measurement, or response 
to epinephrine; therefore, these 
groups are considered together. All 
patients who took oral B-agonists had 
had the drug prescribed at least three 
weeks prior to visiting our institution. 
In 16 cases, patients had been pre- 
scribed inhaled B-agonists in addition 
to oral drugs, but no patient was pre- 
scribed inhaled B-agonists without a 
concomitant oral B-agonist. 

The Table shows the mean peak flow 
measurements before and after the 
administration of epinephrine and the 
mean percent change in peak flow for 
the patients who were taking oral 
B-agonists vs those not taking these 
drugs. None of the differences ap- 
proach statistical significance. 

A problem with clinical studies such 
as this is the question of how much of 
the prescribed medication the patient 
had actually taken. Since all but two 
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Patient Groups 


Peak flow at presentation — 
Peak flow after epinephrine hydrochloride 
Change in peak flow 


ti 
Ps 


Peak flow at presentation 
Peak flow after epinephrine 
Change in peak flow 


‘Peak flow at presentation 
Peak flow after epinephrine 
Change in peak flow 


*Values given are in percent as the mean+SEM. 


MIM 


Prescribed Oral 
B-Agonist* 


62+5.4 
92+359 


9+36 
49+4 
59+14.2 


46+3.4 
62+3.6 


65+11.7 107+37.5 





tFor all patients, n=74 for those prescribed oral B-agonists and n= 26 for those not using oral 


B-agonists. 


For compliant patient subgroup, n= 41 for those prescribed oral B-agonists and n= 10 for those not 


using oral B-agonists. 


§For discharged patient subgroup, n= 60 for those prescribed oral B-agonists and n= 22 for those not 


using oral B-agonists. 


patients were also supposed to be tak- 
ing oral anhydrous theophylline, we 
reasoned that if theophylline was not 
detected in the patient’s blood, it was 
unlikely that concurrently prescribed 
B-agonists had been taken. A sub- 
group of compliant patients was, 
therefore, defined as those patients 
with serum theophylline concentra- 
tions of greater than 4 mg/L at the time 
of presentation for treatment. As 
shown in the Table, none of the differ- 
ences in peak flow values were signifi- 
cant within this subgroup of compliant 
patients. When the comparisons were 
restricted to patients with therapeutic 
theophylline levels (10 to 20 mg/L), the 
results remained insignificant and no 
relationship between response and 
theophylline level was found. 
Another consideration was that a 
difference between patients taking 
and those not taking oral B-agonists 
might have been obscured by the inclu- 
sion of patients who did not respond 
well to treatment, as evidenced by 
their subsequent hospital admission. 
The Table shows the results when only 
patients who were discharged home 
after treatment were considered. No 
significant differences were found. 
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Not shown are the results of similar 
comparisons when only compliant and 
discharged patients were considered; 
but again no significant differences 
were found. As previously reported, 
there were no significant differences in 
the change in peak flow or the final 
peak flow values as a result of all 
treatment given nor in the probability 
of hospital admission that were related 
to oral B-agonists.’ 


COMMENT 


Even after attempting to correet for 
compliance with medications and re- 
sponsiveness to medications, this 
study failed to show a significant dif- 
ference between epinephrine-incuced 
bronchodilation in children taking and 
in those not taking oral B-agonists on a 
long-term basis. The fact that a differ- 
ence was not found does not prove that 
one does not exist, but it does suggest 
that, if a difference exists, it is proba- 
bly clinically insignificant. This is in 
agreement with the study of Rossing 
et alf on adult patients. This observa- 
tion is clinically important, bezause 
the failure of B-agonist use by outpa- 
tients does not preclude the effective 
use of these agents in the emergency 


care setting, and the regular use of 
oral B-agonists does not compromise 
emergency treatment. 

There are several possible explana- 
tions as to why a patient will fail to 
respond to B-agonists at home and 
then will respond to similar agents in 
an emergency care setting. Rossing 
et al’ suggested that the dosage of 
agonists that is administered by physi- 
cians may be large enough to produce a 
maximal response, even if some degree 
of tachyphylaxis exists. The subeuta- 
neous route of delivery is also more 
uniform and assured than either the 
oral or inhaled route. Additional fac- 
tors may include other treatments, 
such as oxygen and intravenous fluids 
and a decreased apprehensiveness of 
the patients once they are in a medical 
care facility. 

In summary, we did not find that the 
regular use of oral B-agonists reduces 
the responsiveness to subcutaneous 
epinephrine enough to suggest an 
alteration in the use of B-agonists for 
the treatment of acute asthma in chil- 
dren. 
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Administration of Low-Dose Estrogen Rapidly and 
Directly Stimulates Growth Hormone Production 


George Wm. Moll, Jr, MD, PhD; Robert L. Rosenfield, MD; Victor S. Fang, PhD 


è We tested the concept that estrogen 
directly stimulates growth hormone 
(GH) production by determining whether 
low-dose treatment with ethinyl estra- 
diol increases the GH reserve, as as- 
sessed by levodopa administration, 
without inhibiting ©somatomedin-C 
(Sm-C) levels. Twenty-three prepubertal 
short normal children underwent levo- 
dopa tests before and after being treated 
with ethinyl estradiol. One bedtime dose 
of ethinyl estradiol (20 to 40 »g/sq m, 
n= 8) resulted in a significant increase in 
GH levels during levodopa testing, with 
no significant change in Sm-C levels 
(0.27+0.03 vs 0.36+0.1 units/mL). Two 
days of a comparable ethinyl estradiol 
dose (n=12) raised the mean basal GH 
level (2.4+0.4 vs 9+3 ng/mL) and had a 
similar effect on peak GH response, 
without affecting the mean Sm-C level. 
Eighteen of the 23 patients responded 
(maximum GH level, =7 ng/mL) to levo- 
dopa before estrogen; all 20 children 
who received ethinyl estradiol priming in 
a dose of 20 .g/sq m or more also re- 
sponded. We conclude that low-dose es- 
trogen therapy rapidly stimulates GH 
production without decreasing Sm-C 
plasma levels. These results support the 
concept that the estrogen effect is 
direct. This action may be important for 
the stimulation of growth by estrogen. 
This effect can be conveniently em- 
ployed to enhance the specificity of the 
levodopa test for profound GH defi- 
ciency. 

(AJDC 1986;140:124-127) 
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[t is possible that low doses of es- 

trogen enhance growth hormone 
(GH) secretion. The plasma concentra- 
tion of the growth factor somatome- 
din-C (Sm-C) correlates with plasma 
estradiol in pubertal girls’ and rises 
on the induction of puberty by phys- 
iologic doses of estradiol in girls with 
hypogonadism.” A recent report indi- 
cated that a very low dosage of ethinyl 
estradiol (about 10 ug/sq m/day) in- 
creases the Sm-C level.’ Although it 
seems likely that these changes in the 
Sm-C level are mediated by an in- 
crease in the GH level,’ there is contro- 
versy about whether GH secretion in- 
creases during puberty. There are 
but two reports that indicated the 
direct stimulation of GH release by 
estrogen in vivo, and, in these studies, 
pharmacologic doses were used.’ In 
contrast, removal of Sm-C negative 
feedback is thought by some investiga- 
tors to mediate the enhancement of 
GH responsiveness to arginine hydro- 
chloride and insulin-induced hypo- 
glycemia by high-dose estrogen ther- 
apy.*"» This concept is supported by 
the observations that somatomedin 
(Sm) activity” and Sm-C levels are 
clearly reduced by high doses of es- 
trogen” and that Sm-C is a mediator of 
the negative feedback control of GH 
secretion.” 


If low-dose estrogen therapy di- 
rectly stimulates GH secretion, it 
would be expected to enhance GH re- 
sponsiveness to provocative tests 
without inhibiting the plasma Sm-C 
level. We have tested this hypothesis 
by using the levodopa test of the GH 
reserve, with and without estrogen 
pretreatment. The GH responsiveness 
to levodopa provocation is one of the 
more definitive tests for assessing the 
GH secretory status.” Levodopa stim- 
ulates a rise in serum GH to a level that 
is greater than or equal to 7 ng/mL in 
about 75% of endocrinologically nor- 
mal children. Our studies not only indi- 
cate that the administration of low- 
dose ethinyl estradiol stimulates GH 
responsiveness to levodopa without 
decreasing Sm-C levels but also indi- 
cate that it improves the specificity of 
levodopa testing for profound GH defi- 
ciency. 


SUBJECTS AND METHODS 


We studied 23 short, normal prepubertal 
children (3 to 15 years of age) in the Wyler 
Children’s Hospital Clinical Research Cen- 
ter, Chicago, for an evaluation of their short 
stature (height below the third percentile). 
These patients had no identifiable endo- 
crine, metabolic, or psychosocial disor- 
ders. All of the girls had 46, XX karyotypes; 
those boys in whom it was clinically indi- 
cated had 46,X Y karyotypes. Growth rates 


= 3 oh, g 
mar p. a” ai 
pa ne 
x UT OF tte Jiith 
Lr ae TS i, eee Ce Trem? ett | 
r ` D; 3 m r, JARAS 
n J Tig Un ce + 
a ha) EEr N 
Age, yr 


Subject Group 


Short normal, 
treated with 
ethinyl estradiol 
1 day (n=8) 3/5 
2 days (n=15) 3/12 
Growth hormone 
deficient (n=10) 3/7 


*Mean + SD. 


F/M Chronologic 


12.3+1.4 
10.5+3.4 





10.0+3.3 


Bone 


Growth Rate 


Height, cm* Weight, kg* cm/yr* 


24.5+5.1 
25.9+19.3 


127.4+9.1 
121.0+16.7 


114.0+23.3 19.9+9.5 


Low-Dose Estrogen—Moll et al 


‘a 
£ 
D 
ra 
o 
9 
8 
D 
® 
x 
<= 
(0) 
x 
® 
a 


Before After 
Ethiny! Ethinyl 
Estradiol Estradiol 


GH Response to Levodopa 


Sm-C, Units/mL 


®Prepubertalc” 
oPrepubertal? 


After 
Ethinyl 
Estradiol 


Sm-C 


Before 
Ethinyl 
Estradiol 





Fig 1.—Influence of one dose of ethinyl estradiol (averaging 29 4.g/sq m) on response to 
levodopa in short normal children. Left, Peak growth hormone (GH) response to levodopa 
before and after treatment with ethinyl estradiol in each of eight prepubertal children. 
Horizontal dotted line represents peak GH response of 7 ng/mL. Right, Change in 
somatomedin-C (Sm-C) level in each of five of these prepubertal children before and after 
treatment with ethinyl estradiol. Samples were drawn 24 hours apart at 8 am. 


were determined during six or more 
months. Physical characteristics of the 
study groups are summarized in the Table. 
This research was approved by the Institu- 
tional Review Board of the University of 
Chicago, and informed consent was ob- 
tained from parents, and assent was ob- 
tained from the children. 

Ten additional prepubertal children who 
were studied are considered separately be- 
cause they proved to be GH deficient (Ta- 
ble). Growth hormone deficiency was ascer- 
tained by the children’s subnormal 
response (peak GH level, <7 ng/mL) to 
levodopa, both before and after ethinyl 
estradiol administration (see below). The 
diagnosis was confirmed by a subsequent 
insulin tolerance test (or arginine testing, if 
insulin was contraindicated). 

The protocol began with a levodopa test 
at 8 AM on day 1. Ethinyl estradiol was then 
given. On day 2, patients arbitrarily either 
had a repeated levodopa test at 8 Am or 
continued receiving ethinyl estradiol and 
had the repeated levodopa test on day 3. 
Ethinyl estradiol was initially given in a 
dose of 7 to 40 wg/sq m/day as a single 
bedtime pill on day 1 and in two divided 
doses on day 2. 

Levodopa (0.3 g/sq m) was administered 
orally after basal blood samples for Sm-C 
and GH levels were obtained. Blood was 
then sampled from an indwelling intra- 
venous line at 30-minute intervals for up to 
180 minutes for measurement of the GH 
level. 
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Blood serum was collected and frozen at 
— 20°C prior to a radioimmunoassay (RIA) 
of the GH level. Serum GH was meas_red 
by a double-antibody RIA,” by using the 
Wilhelmi standard HS 2243E in the Billings 
Endocrine Laboratory of The University of 
Chicago Medical Center. The sensitivity of 
the assay was 0.2 ng or 1 ng/mL of GH. 
Blood for the assay of Sm-C levels was 
quickly drawn from subgroups of patients 
into iced tubes for rapid separation of 
plasma, which was then frozen and se=t to 
Nichols Laboratories, Los Angeles, for 
RIA.” 

Data were analyzed on computers (Eew- 
lett Packard 9810 and Apple II). Statistical 
analysis was performed by the paired and 
unpaired Student’s £ test and Fisher’s test 
of significance for correlation coefficients.” 


RESULTS 


The peak GH responses to levodopa 
tests on two consecutive days without 
intervening ethinyl estradiol treat- 
ment were examined in a subgroup of 
five prepubertal short normal chiléren 
as a control for our study. The mean 
peak GH response to the first levodopa 
test (12.5+6.2 ng/mL) was not signifi- 
cantly different by the paired Stu- 
dent’s t test from that noted in re- 
sponse to the second levodopa test 
(12.1+3.2 ng/mL). 

Eighteen of the 23 short normal chil- 
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Fig 2.—Influence of two days treatment 
with ethinyl estradiol (averaging 27 pg/sq 
m/day) on response to levodopa testing. 
Symbols for boys and girls as in Fig 1. Left, 
Peak growth hormone (GH) response to 
levodopa testing in each of 12 prepubertal 
children before and after treatment with 
ethinyl estradiol. Horizontal dotted line rep- 
resents peak GH response of 7 ng/mL. 
Right, Somatomedin-C (Sm-C) level in each 
of eight of these prepubertal children before 
and after treatment with ethiny! estradiol. 


dren responded to levodopa (maximum 
GH level, =7 ng/mL). All 20 children 
who received ethinyl estradiol in a 
dose of 20 wg/sq m or more responded 
to levodopa. 

The effects of one bedtime dose of 
ethinyl estradiol (20 to 40 pg/sq m; 
mean+SD, 29+5 pwg/sq m) on levo- 
dopa GH reserve testing in eight pre- 
pubertal short normal children are 
shown in Fig 1. After receiving ethinyl 
estradiol, a peak GH level that was 
greater than or equal to 7 ng/mL was 
noted in all eight children in response 
to levodopa. There was no significant 
effect of this single bedtime dose of 
ethinyl estradiol on mean basal 
GH levels (2+1 vs 3+2 ng/mL). The 
mean + SEM GH response to the first 
levodopa test was 15+4 ng/mL, which 
was significantly less than that to the 
second test (P<.05). The peak GH 
responses to the levodopa tests gener- 
ally occurred within the first 120 min- 
utes following levodopa administra- 
tion. The integrated GH responses from 
0 to 120 minutes correlated well with 
the respective peak GH responses 
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after levodopa administration (r= .83, 
P<.05). The mean Sm-C level be- 
fore treatment with ethinyl estradiol 
(0.27+0.03 units/mL) was not signif- 
icantly different from the mean Sm-C 
level following the administration of 
ethinyl estradiol (0.36 + 0.10 units/mL) 
(Fig 1). 

Two days’ treatment with 20 to 
40 yg/sq m/day of ethinyl estradiol 
(mean+SD, 27+4 wug/sq m/day) 
yielded similar results, except that 
there was a modest increase in the 
mean basal GH levels (2.4+0.4 vs 
9+3 ng/mL, P<.05). Results in the 12 
prepubertal short normal children so 
tested are shown in Fig 2. Each had a 
GH level of 7 ng/mL or more after 
treatment with ethinyl estradiol. Their 
mean+SEM GH response to the levo- 
dopa test after two days of ethinyl es- 
tradiol therapy was 35.4+3.8 ng/mL, 
which had significantly increased from 
their response (13.9+2.3 ng/mL) to 
the first levodopa test (P<.01). Esti- 
mates of the integrated GH responses 
again correlated well with the peak GH 
responses after levodopa administra- 
tion (r=.79, P<.01) Coinciden- 
tally, there was a modest increase in 
the mean basal GH levels (2.4+0.4 vs 
9+3 ng/mL, P<.05). There was no 
significant change in average Sm-C 
levels following treatment with ethinyl 
estradiol; the initial mean Sm-C 
level was 0.54+0.10 units/mL, and 
the mean Sm-C level following ethi- 
nyl estradiol administration was 
0.47+0.07 units/mL. 

We tried lower doses of ethinyl 
estradiol (7 to 15 wg/sq m/day for 
two days). It did not improve the 
mean+SEM GH response to levodopa 
testing in three short normal children 
(13.7+6.7 vs 13.5+5.3 ng/mL). These 
children proved to have normal GH 
responses to insulin. 

The children (n=10) who did not 
respond with peak GH levels that were 
greater than or equal to 7 ng/mL to 
levodopa either before or after 20 to 
40 ug/sq m of ethinyl estradiol did not 
respond normally to insulin or arginine 
testing. Thus, these children had a 
typical GH deficiency. 


COMMENT 


Our results support the hypothesis 
of Wiedemann et al’ that estrogen ad- 
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ministration quickly and directly stim- 
ulates GH production. These data indi- 
cate that a single bedtime dose of about 
30 yg/sq m of ethinyl estradiol in- 
creases children’s GH responses to 
levodopa without inhibiting their 
Sm-C levels. Two days’ treatment with 
20 to 40 pg/sq m/day of ethinyl es- 
tradiol, although they were not lower 
doses, stimulated baseline GH levels 
significantly, but variably, and other- 
wise yielded similar results. 

In contrast to the high incidence 
(five of 23) of those who did not respond 
to unprimed levodopa testing, all 
20 short normal children who were 
primed with ethinyl estradiol (20 to 
40 wg/sq m) responded to a levodopa 
test. All of the children who did not 
respond to the ethinyl estradiol- 
primed levodopa test were GH defi- 
cient. The low, single bedtime dose of 
ethinyl estradiol was not associated 
with nausea as are the higher doses of 
estrogen that are customarily used to 
enhance the response to GH-provoca- 
tive testing”; therefore, this single, 
low dose of estrogen would seem op- 
timal to enhance the discrimination of 
levodopa testing for classic GH defi- 
ciency. The possibility that such es- 
trogen regimes enhance spontaneous 
GH release sufficiently to be useful in 
the diagnosis of GH neurosecretory 
defects? remains to be determined. 

Variable effects of estrogen on Sm 
activity and Sm-C levels are reported 
in the literature. Treatment of patients 
who have acromegaly with pharmaco- 
logic levels of estrogen decreases Sm 
levels as indicated by bioassay” 
and Sm-C levels, as indicated by 
RIA." Ethinyl estradiol at a dosage of 
500 g/day for seven to 70 days reduces 
Sm activity by 40% to 62% in normal 
adult males.’ Saenger et al” reported 
significant reductions in plasma Sm 
activity in patients who were 
treated with 250 wg/day of ethinyl es- 
tradiol for seven days. A pilot study 
indicated that ethinyl estradiol at 
50 wg/sq m/day is also suppressive.” 
However, the Sm-C level rises during 
puberty in concert with plasma es- 
tradiol,! and castrated baboons that 
were treated with estradiol implants 
that yielded physiologic estrogen lev- 
els were reported to have significant 
elevations in Sm-C levels.” Ross et al’ 


reported a significant plasma Sm-C 
rise in response to 28 days of ethinyl 
estradiol therapy, with a dosage of 
about 10 pg/sq m/day. Though they 
provided no data regarding the GH 
level, the rise in plasma Sm-C that 
they observed might have reflected a 
gradual stimulation of GH secretion by 
daily estrogen doses that were similar 
to those that we have used. Much of 
this disparity probably depends on the 
dose and route of estrogen; the data 
are compatible with the concept that 
estrogen had biphasic effects on 
plasma Sm-C, with stimulation gradu- 
ally occurring with low doses due to 
enhancement of GH secretion and with 
direct inhibition of Sm-C generation 
by higher estrogen doses. 

Our results are consistent with a 
rapid and direct stimulatory effect of 
low-dose estrogen therapy on releasa- 
ble GH stores. This effect can be con- 
veniently employed to improve the dis- 
crimination of levodopa testing for the 
GH reserve. Furthermore, these data 
are compatible with the concept that 
low-dose estrogen therapy stimulates 
growth in part through the enhance- 
ment of GH secretion. This considera- 
tion may be important in designing 
optimal regimens for estrogen replace- 
ment therapy. 
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Purpose.—This department is intended to share information concerning educational 
efforts in the broad field of pediatrics. We welcome studies on the following topics: 
undergraduate and graduate education in medicine and allied health occupations; continu- 
ing education of health professionals; education of patients and families; and health 
education for the general public, the community, and organizations that contribute to the 
promotion and improvement of the health of children. 


Editorial Comment.—This article is different from the usual. It presents an approach for 
educational personnel that provides guidelines for dealing with children who have infection, 
in this case, cytomegalovirus. Perhaps a similar approach could be considered for children 
with acquired immunodeficiency syndrome, herpes, or other viral illnesses. See if this is 
useful for your practice. —H.D.A. 


Congenital Cytomegalovirus Infection 


Information for Educational Personnel 


James F. Bale, Jr, MD; James A. Blackman, MD; Jody Murph, MD; Richard D. Andersen, MD 


Gould a 3-year-old child with con- 
genital cytomegalovirus (CMV) be 
allowed to attend a classroom program 
for preschoolers? Can an 18-month-old 
infant who was excreting CMV in his 
urine six months ago be taken into a 
swimming pool? Is it safe for a preg- 
nant physical therapist to provide 
hands-on services to a 7-month-old in- 
fant with congenital CMV? With in- 
creased public awareness of disorders 
such as acquired immunodeficiency 
syndrome and herpes simplex virus 
infections, questions such as these are 
now frequently posed to neurologists, 
developmental pediatricians, and pri- 
mary care physicians by educators and 
others who provide services to handi- 
capped children. 
Awareness of CMV has only recently 
emerged among the general public, 
particularly among those who work in 
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special education settings, where chil- 
dren with developmental disabilities 
due to cytomegalic inclusion disease 
(CID) are referred for developmental 
intervention. School administrators, 
faced with increased concerns about 
CMV, turn to physicians for guidance 
but often receive conflicting advice. In 
a recent similar circumstance, where 
concerns about children with recur- 
rent skin lesions due to neonatal 
herpes simplex reached a level of near 
hysteria, guidelines for serving these 
children were prepared for school per- 
sonnel.’ Such guidelines significantly 
reduced anxiety and assisted in the 
smooth integration of affected children 
into the educational system. 

Several physicians and educators 
concluded that a similar approach was 
needed to avert panic over possible 
risks to teachers and therapists who 
work with children with a history of 
congenital CMV. A recent statement 
from the Centers for Disease Control, 
Atlanta, regarding the prevalence of 
CMV excretion in day-care centers 
partially addressed such concerns but 
did not deal in detail with specific 


issues in the day-to-day management 
of children who are known to have 
congenital CMV infection.” The follow- 
ing information about CMV and sug- 
gested approach for educational per- 
sonnel are presented here as one 
response to the need for guidelines 
that could be used by administrators 
when making policy decisions. 


INFORMATION AND SUGGESTED 
APPROACH FOR EDUCATIONAL 
PERSONNEL 
What Is Cytomegalovirus? 


Cytomegalovirus belongs to the her- 
pesvirus group, which also includes 
herpes simplex virus (the virus that 
causes coldsores and genital herpes), 
varicella-zoster virus (the chickenpox- 
shingles virus), and the Epstein-Barr 
virus (the virus that causes infectious 
mononucleosis). These viruses are 
grouped together because of their 
common structure and similar biologic 
behavior. Many different mammalian 
CMVs have been discovered (eg, 
mouse, rat, and human CMVs), but 
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infection from one species (eg, mice) to 
another (eg, humans) rarely, if ever, 
occurs. Thus, infection with human 
CMV is always the result of contact 
with another infected human being. 

Human CMV infection, like many 
other viral infections, occurs through- 
out the world. In the United States, 
approximately 1% to 2% of all infants 
excrete CMV in their urine at birth. 
Thereafter, CMV infection is steadily 
acquired throughout life, and nearly 
all adults have been infected with CMV 
by the time they reach age 50 years. 
People in developing nations or in 
areas with high population densities 
tend to acquire CMV infection at an 
early age. In the United States, at 
least 40% of 35-year-old adults have 
serologic (blood antibody test) evi- 
dence of past CMV infection. 

Cytomegalovirus is transmitted via 
several different mechanisms. With 
the exception of blood transfusion or 
organ (eg, heart or kidney) transplan- 
tation, transmission of CMV requires 
close, personal contact with an in- 
fected individual. Common sources of 
CMV infection include children and 
sexual partners who are infected with 
CMV and blood products that are in- 
fected with CMV. In an infected indi- 
vidual, CMV can be isolated from 
urine, saliva, blood, tears, stools, cer- 
vical secretions, or semen. Cytomega- 
lovirus infection can also be transmit- 
ted from mother to child via breast 
milk. The urine or saliva of an infected 
individual usually contains the 
greatest amount of virus. An infected 
individual, adult or child, can excrete 
CMV in urine or saliva for many 
months or even years. 

Children with CMV infection repre- 
sent one of the most common sources of 
CMV infection. Several studies from 
the United States and other countries 
have shown that between 10% and 20% 
of healthy 1-year-old children will be 
excreting CMV. In certain situations, 
such as in day-care centers, the per- 
centage of children between the ages 
of 1 and 3 years who excrete CMV has 
approached 50%. Despite the common 
prevalence of CMV among children, 
the risk to exposed children or adults 
appears to be very small. Well-con- 
trolled studies suggest that the risk of 
CMV infection among women who 
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work with young children in hosp-tal 
environments does not exceed that of 
women who stay at home. 


What Are the Clinical 
Manifestations? 


In general, the manifestations of 
CMV infection depend on the age and 
the immune status of the infected indi- 
vidual. In newborn infants, the vast 
majority have no symptoms at birth. 
Approximately 10% to 15% of these 
children will later develop varying de- 
grees of hearing loss. An additional 5% 
to 10% have a more serious illness 
known as CID (discussed belcw). 
Cytomegalovirus infection later in life 
rarely causes symptoms in healthy in- 
dividuals. Occasional children and 
adults develop an infectious mono- 
nucleosislike illness, with fever, mal- 
aise, and glandular swelling. Patients 
with abnormal immune systems can 
develop more serious complications, 
such as pneumonia, retinitis (inflam- 
mation of the retina), and encephalitis 
(infection of the brain). 


What Is Congenital CID? 


Cytomegalic inclusion disease, 
which is caused by CMV, represexts 
the most common, serious congenital 
(occurring before birth) illness due to 
an infectious agent. Although 1% to 2% 
of all newborns have CMV infectien, 
only 0.05% to 0.1% have CID. In other 
words, CID occurs in approximately 
one in every 1,000 newborns. This risk 
is approximately equal to the chance 
that a healthy 25-year-old woman waill 
give birth to a child with Down’s syn- 
drome (trisomy 21), the most common 
chromosomal disorder. The risk of CID 
is greatest during the primary íor 
first) CMV infection of the pregnant 
woman. Even if primary infection ec- 
curs, however, there is still a 90% to 
95% chance that the infant will be 
healthy. 

The infant with CID can have dam- 
age to numerous body organs, includ- 
ing the lungs, liver, spleen, heart, and 
brain. The most serious consequerze 
of CMV infection is the damage done to 
the developing nervous system. As a 
result, infants with CMV infection can 
have seizures, mental retardation, 
deafness, and blindness. Fortunately, 


this serious combination of sequelae 
develops relatively infrequently. 


Is CMV Infection Treatable? 


Although antiviral drugs are being 
investigated, there is as yet no specific 
treatment for cytomegalovirus infec- 
tion. 


How Is CMV Infection Detected? 


The most reliable method to detect 
CMV infection is to culture the virus 
from body fluids such as urine, saliva, 
or blood. The virus grows slowly, and 
up to three or four weeks may pass 
before the culture results are com- 
plete. A more rapid but less reliable 
method is to perform serologic tests on 
blood. These tests detect antibodies 
that the body develops in response to 
CMV infection. Positive tests do not 
necessarily indicate active CMV infec- 
tion but rather suggest that CMV in- 
fection has occurred sometime in the 
past. 


Main Points 


The following main points should be 
noted: 

1. Nearly everyone sooner or later 
acquires CMV infection, usually in a 
mild form. 

2. Active CMV infection is very 
common in day-care and preschool set- 
tings, with infected children excreting 
the virus for weeks to months. 

3. Congenitally infected children 
can excrete the virus for several years. 

4. Transmission of CMV infection 
requires intimate contact with an in- 
fected individual, such as in a parent- 
child relationship. Although further 
studies are necessary to define the 
exact risks, the available information 
implies that women who work in hospi- 
tals or with handicapped children ap- 
parently do not have sufficiently close 
contact with children who are infected 
by CMV to make them acquire the 
infection at any greater rate than those 
outside these professions. 

5. The greatest concern regarding 
CMV infection is for the pregnant 
woman, especially if she has not been 
previously exposed to CMV and lacks 
protective antibodies. 

6. While a congenitally infected 
child may excrete CMV in urine and 
possibly in saliva for years after birth, 
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isolation of such a child is neither war- 
ranted nor recommended, since it is 
likely that many other children in the 
same setting are also excreting CMV. 
Such is one of the occupational—albeit 
low—risks of working with very young 
children. 


Recommendations 


The following points are our recom- 
mendations: 

1. As with all communicable dis- 
eases, good hygiene significantly 
lowers the risk of transmitting CMV 
infection. 

2. Individuals who have intimate 
contact with infants or young children 
who may be actively excreting CMV 
should wash their hands with warm, 
soapy water after contact with the 
child. Diapers should be disposed of in 
suitable containers. Gowns or rubber 
gloves are not necessary. 

3. Toys that have been mouthed by 
young children may be disinfected by 
immersing them in a solution of one- 
part chlorine bleach to nine-parts wa- 
ter. Nonimmersible items should be air 
dried for several hours in between use. 

4. Congenitally infected infants 
should not be excluded from center- 
based programs and should continue to 
receive educational and therapeutic 
services. 

5. Pregnant women who work with 
infants or young children may wish to 
have a blood test to determine whether 
they are susceptible to CMV infection. 
If CMV antibody is present, the indi- 
vidual is likely immune to CMV, and 
the risk to her unborn child is ex- 
tremely small. If the individual is not 
immune, she should practice good 
hygiene and should avoid direct con- 
tact with the secretions of infants or 
young children who are known to be 
excreting CMV. 

6. In hospital settings, it is usually 
recommended that pregnant women 
avoid contact with an infant known to 
be excreting CMV. The same policy 
might be applied to the educational 
setting, even though the risk of trans- 
mission is low, provided good hygienic 
practices are observed. Exposure to 
other children who are excreting CMV 
but who have not been tested is likely 
to occur. The only way to avoid this risk 
of exposure is to avoid young children 
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altogether, a practice generally not 
practical or desired. Despite the high 
rate of CMV excretion among young 
children who are grouped in day-care 
or educational settings, epidemics of 
CID have not occurred. This suggests 
that the risk to pregnant women who 
are working in these settings must be 
small. 

7. In order to reduce the attention 
that a child with congenital CMV infec- 
tion receives, it may be helpful to 
document the fact that such a child no 
longer excretes this virus. Urine 
cultures for CMV may be obtained 
every 12 months. Ifa culture is nega- 
tive, a follow-up culture should be ob- 
tained six months later to confirm the 
cessation of virus excretion. Since not 
all health care facilities can culture 
CMV and since CMV does not survive 
transport well, specimens should be 
submitted directly at a facility where 
cultures can be processed imme- 
diately, thereby making the results 
more reliable. 


Selected Readings 


The following are suggested se- 
lected readings: 

1. Bale JF: Human cytomegalovi- 
rus infection and disorders of the ner- 
vous system. Arch Neurol 1984;41: 
310-320 (a detailed summary of the 
neurologic complications of CMV in- 
fection). 

2. Ho M: Cytomegalovirus: Biology 
and Infection. New York, Plenum 
Publisher Corp, 1982 (an excellent 
monograph that thoroughly describes 
the biology, epidemiology, and clinical 
syndromes of CMV). 

3. Hutto SC, Ricks RE, Pass RF: 
Prevalence of cytomegalovirus excre- 
tion from children in five day-care cen- 
ters—Alabama. MMWR 1985;34:49- 
51 (a summary of the excellent studies 
of Pass and co-workers, which investi- 
gated CMV excretion in various day- 
care centers; the report also outlines 
current thoughts regarding the risks 
of CMV infection for day-care work- 
ers). 

4. Pass RF, Hutto SC, Reynolds 
DW, et al: Increased frequency of cyto- 
megalovirus infection in children in 
group day care. Pediatrics 1984;74: 
121-126 (a recently published study 


that describes the frequency of CMV 
infection in day-care centers). 

5. Plotkin SA, Michelson S, Pagano 
JS, et al: CMV: Pathogenesis and Pre- 
vention of Human Infection. New 
York, Alan R. Liss Inc, 1984 (a sum- 
mary of a scientific workshop regard- 
ing CMV held in Philadelphia, April 20 
to 22, 1983). 


COMMENT 


Much remains to be learned about 
the epidemiology of CMV in child care 
environments. Nonetheless, incom- 
plete knowledge should not inhibit 
medical professionals from making 
their most informed judgment about 
the risks that are associated with this 
virus. The goal must be a balance 
between overconservatism, which fos- 
ters unwarranted fears, and a laissez- 
faire attitude, which does not acknowl- 
edge the legitimate concerns of 
teachers and paraprofessionals about a 
usually benign, yet potentially severe, 
disabling disease. 

Although CMV infection is common 
among normal children, especially in 
group settings, the child with sympto- 
matic congenital infection who contin- 
ues to excrete the virus warrants spe- 
cial consideration. There is no 
experimental evidence to indicate that 
the virus that such a child exeretes is 
any more virulent than that excreted 
by a normal child with incidental CMV 
infection; yet, the congenitally in- 
fected child is often stigmatized. On 
the other hand, it would not be logical 
to ignore the potential infectivity of 
such a child simply because other 
asymptomatic children who are served 
by the same staff might be excreting 
CMV. Therefore, ordinary precautions 
have been recommended and are con- 
sistent with standard hygienic prac- 
tices (ie, hand washing after contact). 
We have not recommended that chil- 
dren with CMV infection be isolated or 
that extraordinary means of protec- 
tion (eg, gowns and gloves) be em- 
ployed. These guidelines are con- 
sistent with the recommendations of 
the American Academy of Pediatrics 
Committee on Infectious Disease.” 

Because of the small but real risk of 
CMV infection in nonimmune preg- 
nant women, we have suggested that 
such women or those intending to be- 
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come pregnant become informed of the 
risks and consider having their anti- 
body status checked. The latter rec- 
ommendation remains controversial, 
since no epidemiologic data yet exist 
that indicate that such measures re- 
duce the risk of congenital CMV infec- 
tion. Women should then be allowed to 
decide whether they wish to work in a 
setting where frequent exposure to 
CMV is likely and where a potential 
risk exists for acquiring infection and 
transmitting CMV to the fetus. 
Periodic cultures of the congenitally 
infected child’s urine have also been 
recommended, not to substantiate 
continuing excretion, but to establish 
a nonexcreting state. Unless it is 
shown that excretion has ceased, these 
children will continue to be avoided 
and will cause considerable difficulty 


for administrators who are worried 
about the chance exposure of a preg- 
nant parent or a teacher's aid to the 
child. There are legal implications that 
administrators must consider as well. 
Two negative cultures six months 
apart should provide reasonable proof 
that a child no longer excretes CMV. 
Guidelines such as these must be 
accompanied by educational progrems 
for teachers, therapists, and admiris- 
trators. We have made several presen- 
tations to school groups regarding 
CMV, and the guidelines presented 
here were the direct result of a radio- 
linked statewide presentation on 
CMV. Informed educators have been 
exceedingly willing to work with 
health providers in implementing ac- 
ceptable procedures for managing 
children with infectious diseases sich 


as CMV. Dissemination of these guide- 
lines dramatically reduced the number 
of telephone consultations that we 
have received from teachers, parents, 
and local health professionals. 


This study was supported by the Spellman- 
Rockefeller Fund, University of Iowa, Iowa City. 
Dr Bale is supported by TIDA K07 NS00805 from 
the National Institute of Neurological and Com- 
municative Disorders and Stroke, Bethesda, Md. 
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Book Review 


Hemorrhagic and Thrombotic Diseases in Childhood and Adolescence, 
by J. J. Corrigan, Jr, 216 pp, with illus, $29.95, New York, Churchill 
Livingstone Inc, 1985. 


In one manageable book entitled Hemorrhagic and 
Thrombotic Diseases in Childhood and Adolescence, Dr 
Corrigan has effectively summarized a medical topic that 
continually provides challenges for patient care providers. 
This book is appropriately introduced by the author, who 
correctly identifies his audience. The book is an excellent 
reference source for students and house staff as well as a 
handbook for patient care to be used by the practicing 
physician. 

While not exhaustive, the overview of the hemostatic 
system, including terminology and a discussion of congeni- 
tal coagulation defects (chapters 1 through 3), is comprehen- 
sive. Chapter 2, in particular, gives the reader the impres- 
sion of being on a roller coaster as the author superficially 
touches the majority of hemorrhagic disorders. The major 
use of these sections should be as a quick reference source. 
At the end of each of these three chapters, the author has 
included exhaustive reference lists for more detailed read- 
ing. 

The major strength of the text is its last two chapters, 
which deal with thromboses. Dr Corrigan exhaustively 
discusses arterial and venous thromboses. His tables re- 
view virtually all causes and risk factors. He has clearly 
expressed the clinical manifestations of thromboembolic 
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disease and the diagnostic approach to specific etiologies. 
The figures provide clarity for a complicated topic and a 
quick reusable reference to assist the physician with spe- 
cific patient problems. The author reviews the specifics of 
anticoagulant and thrombolytic therapy, giving particular 
drug dosages and administrative schemata. The section on 
thrombolytic agents is one that should become the key 
reference source for such therapy in the pediatric patient. 
Dr Corrigan’s review of disseminated intravascular coagula- 
tion is the most intelligible and well organized of any review 
on the subject in any pediatric text. The author has, in 
chapters 4 through 6, as with the first three chapters, 
provided an exhaustive reference list for further review by 
the reader. 

This book :s a must for the libraries of all training 
programs in pediatric and adolescent medicine, and would 
be appropriaze in the offices of all physicians who see 
pediatric and adolescent patients. In addition to being a 
reference texz, this book may be the prime source for 
comprehensive review of thrombosis, thromboembolism, 
and disseminated intravascular coagulation in pediatrics 
and adolescer-: medicine. A job well done! 

JOSEPH E. ADDIEGO, JR, MD 
Department of Hematology/Oncology 
Children’s Hospital and Medical Center 
51st and Grove streets 


Oakland, CA 94609 =, 
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Articles 


Pediatric Emergency Intravenous Access 


Evaluation of a Protocol 





Robert K. Kanter, MD; Jerry J. Zimmerman, PhD, MD; Richard H. Strauss, MD; Kathleen A. Stoeckel, MD 


e Effectiveness of a protocol for in- 
travenous (IV) access during pediatric 
resuscitation was prospectively evalu- 
ated to determine whether utilization of a 
specified sequence of measures would 
reduce IV access time compared with 
resuscitations deviating from the pro- 
tocol. The protocol involved rapid se- 
quential attempts at percutaneous femo- 
ral vein catheterization, saphenous vein 
cutdown, and intraosseous infusions if 
initial percutaneous peripheral IV inser- 
tion failed. While no single technique 
provided completely reliable and rapid 
IV access, utilization of all techniques 
per protocol significantly improved IV 
access time. When initial percutaneous 
peripheral IV attempts failed, resuscita- 
tions in compliance with the protocol 
achieved IV access more rapidly (me- 
dian, 4.5 minutes) than those deviating 
from the protocol (median, 10.0 minutes). 
Even with incomplete compliance, 66% 
of resuscitations achieved IV access 
within the first five minutes. Our experi- 
ence indicates that IV access during 
pediatric resuscitation should rarely be 
delayed beyond the fifth minute if all 
available [V techniques are used. 

(AJDC 1986;140:132-134) 


Reed intravenous (IV) catheteriza- 
tion is vital but difficult during 
pediatric resuscitations.’” Standard 
techniques include peripheral vein 
catheterization, either percutaneously 
or by saphenous vein cutdown,’ central 
vein catheterization percutaneously 
via the femoral route,‘ and indirect IV 
infusions via the _ intraosseous 
method.° Optimal techniques to mini- 
mize duration for achieving emer- 
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gency access in pediatric patients, 
however, have not been evaluated. 

The present study was undertaken 
to assess the effectiveness of a protocol 
for emergency IV catheterization and 
to test the hypothesis that IV access 
would be more rapid when protocol 
compliance was achieved than when 
deviations from protocol occurred. 
This protocol is designed to achieve IV 
access during the first five minutes of a 
resuscitation and involves the use of 
multiple standard IV techniques ap- 
plied in a rapid sequential fashion 
when initial insertion of a per- 
cutaneous peripheral IV catheter 
fails. This strategy was adopted to 
avoid prolonged unsuccessful attempts 
at percutaneous peripheral IV cathe- 
terization, favoring other invasive 
techniques with a higher likelihood of 
success. 

METHODS 


A protocol for rapid IV access was pro- 
spectively evaluated in consecutive pedi- 
atric patients requiring cardiopulmonary 
resuscitation in the emergency department 
or pediatric inpatient services (excluding 
neonatal intensive care) at Upstate Medical 
Center, Syracuse, NY. Resuscitations were 
evaluated when the patient lacked an IV 
catheter at the time the resuscitation team 
began treatment. The protocol (Figure) 
begins with a 14-minute attempt to insert a 
catheter into a peripheral vein percutane- 
ously. This technique is abandoned in favor 
of more invasive methods if unsuccessful 
after 14 minutes. If sufficient personnel 
are available, peripheral IV attempts are 
continued along with the other measures. 
Between 1% and five minutes of the re- 
suscitation, simultaneous efforts are made 
to insert a femoral vein catheter percutane- 
ously as well as to perform a cutdown on the 
saphenous vein just anterior and superior 
to the medial malleolus at the contralateral 
ankle. If IV access has not been achieved 
by the fifth minute of the resuscitation, a 


needle is placed in the bone marrow 1 to 
3 em below the tibial tuberosity while other 
attempts at IV catheterization continue. 
All techniques are performed by standard 
methods.** Although not analyzed in the 
present study, the protocol also specifies 
the intratracheal administration of epi- 
nephrine, lidocaine hydrochloride, or atro- 
pine sulfate, as indicated, when the trachea 
is intubated before IV access is achieved.’ 

Data were either recorded by one of us 
based on direct observations when possible 
or were obtained from resuscitation record 
forms recorded by medical and nursing 
personnel performing the resuscitation. 
For purposes of analysis, protocol compli- 
ance was defined as (1) an attempt at femo- 
ral percutaneous catheterization or saphe- 
nous vein cutdown when access was delayed 
longer than 1% minutes, and (2) an attempt 
at insertion of a bone marrow needle when 
access was delayed until the fifth minute. 
Protocol compliance was considered to be 
fulfilled if each of these specified tech- 
niques was utilized, even if they were initi- 
ated in a delayed fashion. Protocol devia- 
tion was considered to have occurred when 
the specified procedures were not used at 
all for a patient with delayed IV access. 

Methods of statistical analysis included 
the x’ test for comparison of categories. The 
nonparametric Wilcoxon rank sum test’ 
was used to compare IV access times be- 
tween patient groups, with patients failing 
to receive an IV catheter ranked after the 
longest successful time. The relationship of 
successful IV access time to patient weight 
was assessed by linear regression analysis, 
excluding patients who failed to receive an 
IV line. 


RESULTS 


Intravenous access was successfully 
achieved in 36 (95%) of 38 resuscita- 
tions. Median duration to successful 
IV access was four minutes (range, one 
to 40 minutes) (Table 1). The median 
age of patients was 10.5 months 
(range, 2 days to 15 years), and weight 
was 7.5 kg (range, 3 to 50 kg). Smaller 
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Protocol for emergency intravenous (IV) access during pediatric resuscitations. 


patients tended to require longer time 
for IV access, but the trend was not 
statistically significant (duration [min- 
utes|=7.75—(0.14 x weight [kilo- 
gram]) (P>.05). 

The techniques achieving initial IV 
access are indicated in Table 2, while 
success rates with particular tech- 
niques are presented in Table 3. In- 
travenous access was achieved within 
1% minutes for nine (24%) of 38 pa- 
tients, seven by peripheral IV cathe- 
ter and two using an alternate method 
(one intraosseous, one femoral vein) 
earlier than specified by the protocol. 
While cutdowns eventually provided 
an 81% successful catheter insertion 
rate, long delays occurred. Although 
17 cutdown attempts were successful, 
in ten of these another route of access 
was successful before the cutdown was 
completed. For successful cutdowns, 
median duration for catheterization 
was eight minutes (range, two to 40 
minutes). 

To assess the impact of the protocol 
on IV access time, we considered a 
subgroup of 29 patients still lacking an 
IV line after the first 1% minutes. 
Protocol compliance was achieved for 
16 (55%) of 29 patients, while devia- 
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tions from the protocol occurred for 13 
patients (45%). The median IV access 
time of 4.5 minutes for the protocol 
compliance group was significantly 
more rapid than the ten-minute dura- 
tion for the group with protocol devia- 
tions (P<.05) (Table 4). In both re- 
suscitations failing to achieve vascular 
access, protocol deviation occurred as 
no attempt at intraosseous infusion 
was made. Among these 29 patients, 
protocol compliance in infants 10 kg or 
smaller (53%) was not significantly dif- 
ferent from protocol compliance for 
larger patients (58%) (P>.05). 

Complications observed included 
mild local bleeding (one patient) and 
arterial puncture (three patients), all 
involving the femoral vessels. In two 
cases the catheter inserted in the zem- 
oral artery was successfully utilized 
for emergency drug and fluid adminis- 
tration without apparent adverse ef- 
fect. In these two cases it was not 
evident that the catheter entered an 
artery until after successful conclusion 
of the resuscitation. 


COMMENT 


Our experience indicates that estab- 
lishing emergency IV access during 
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the first five minutes of a resuscitation 
is a realistic goal. Despite incomplete 
compliance with the protocol, IV ac- 
cess was achieved within the first five 
minutes in the majority of resuscita- 
tions. In one third of the cases, how- 
ever, failure or delay beyond five min- 
utes indicates the need for improve- 
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ments in performance. These delays 
are similar to those reported by Ros- 
setti et al? who found that in 24% of 
pediatric resuscitations longer than 
ten minutes to insert an IV line was 
required and in 6% there was failure to 
achieve IV access. Since compliance 
with the protocol was associated with 
significantly more rapid IV access, it 
may be inferred that more aggressive 
use of all available techniques per pro- 
tocol would reduce these unnecessary 
delays. Since resuscitations were not 
randomized to protocol vs an alter- 
native management, other factors may 
have contributed to the apparent bene- 
fit of the protocol. For example, physi- 
cians adhering to the protocol may also 
have been more adept at techniques of 
IV access. 

No single technique provides com- 
pletely reliable and rapid IV access. 


1. OrlowskiJP: My kingdom for an intravenous 
line. AJDC 1984;138:803. 

2. Rossetti V, Thompson BM, Aprahamian C, 
et al: Difficulty and delay in intravenous access in 
pediatric arrests. Ann Emerg Med 1984;13:406. 

3. Randolph J: Technique for insertion of plas- 
tic catheter into saphenous vein. Pediatrics 


Because percutaneous peripheral as 
well as femoral IV catheterizations are 
successful with sufficient frequency, 
attempts at these techniques are justi- 
fied. Longer delays in performing cut- 
downs limit the value of this technique 
as the initial rapid means of vascular 
access. Early performance of a cut- 
down is justified when another IV 
catheter is not promptly available, 
however, since this often provides the 
most effective and stable infusion 
route following the successful re- 
suscitation. This is especially true 
when initial IV access is achieved via 
the bone marrow. The present series 
indicates an underutilization of in- 
traosseous infusions during resuscita- 
tion. The ability to place a needle in the 
bone marrow rapidly with a high de- 
gree of success suggests that this 
method should be more readily em- 
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ployed when other measures fail dur- 
ing the first five minutes of resuscita- 
tion. 

The present data support the hy- 
pothesis that rapid sequential utiliza- 
tion of multiple invasive techniques 
improves IV access time during pedi- 
atric resuscitations. Use of percu- 
taneous femoral catheterization, cut- 
down, and intraosseous infusions was 
not associated with any clinically im- 
portant sequelae. Similar IV access 
times and degree of protocol compli- 
ance for infants vs older children sug- 
gest that a single protocol can be 
appropriately applied to pediatric pa- 
tients of all ages. Our experience indi- 
cates that IV access during pediatric 
resuscitation should rarely be delayed 
beyond the fifth minute if all available 
IV techniques are utilized. 
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Antibody Response to Pneumococcal Vaccine 
in Children Aged 5 to 15 Years 


James C. Paton, PhD; Ian R. Toogood, FRACP; Richard A. Cockington, FRACP, MSc; David Hansman, FRCPA, FRCPath 


è The type-specific antibody response 
of 99 healthy children, aged 5 to 15 years, 
to a 14-valent pneumococcal vaccine was 
determined and analyzed according to 
age at the time of vaccination. The re- 
sponse to the majority of the serotypes, 
including the important “pediatric” types 
6A, 18C, and 19F, appeared to plateau in 
the 8- to 10-year-old age group, whereas 
for types 14 and 23F, which are also impor- 
tant in children, the response continued 
to improve with age to ages 13 to 15 years. 
The antibody response of a group of 23 
children, aged 5 to 15 years, with various 
hematologic disorders (12 of whom had 
undergone splenectomy) was also deter- 
mined and compared with that of the 
healthy children. For all serotypes the 
antibody response was similar in the two 
groups. 

(AJDC 1986;140:135-138) 


Wile purified pneumococcal cap- 

sular polysaccharides are highly 
immunogenic when administered to 
adults,’ the antibody response of chil- 
dren under 2 years of age to these 
antigens is less than satisfactory.” It 
had generally been assumed that after 
the age of 2 years children would re- 
spond adequately to pneumococcal 
polysaccharides. However, recently it 
has been shown that the antibody re- 
sponse to the polysaccharides of the 
pneumococcal serotypes most com- 
monly causing serious disease in chil- 
dren (particularly types 6A, 14, 19F, 
and 23F) was poor at least up to the age 
of 5 years.’ Data on the age-related 
antibody response in children older 
than 5 years are scarce and hitherto it 
has not been possible to pinpoint the 
age at which the response to the impor- 
tant pneumococcal serotypes “ma- 
tures.” Such information is par- 
ticularly important in light of recent 
work on the enhanced immune re- 
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sponse of young animals to pneumoczoc- 
eal polysaccharides conjugated to pro- 
tein carriers. The question arises that 
if such conjugated vaccines are te be 
used in young children to overcome the 
poor immunogenicity of certain poly- 
saccharide serotypes, up to what age 
should they be administered in prefer- 
ence to the conventional purified poly- 
saccharide vaccine? 

In the present study the type-spe- 
cific antibody response to pneumococ- 
cal vaccine of 99 healthy children, aged 
5 to 15 years, was determined and 
analyzed according to age at the time 
of vaccination. The antibody respcnse 
of a group of 23 children, aged 5 ta 15 
years, with various hematologic disor- 
ders (12 had undergone splenectomy) 
was also determined and compared 
with that of the healthy children. 


PATIENTS AND METHODS 


Ninety-nine healthy children between 5 
and 15 years of age were selected for pneu- 
mococcal vaccination. A further group of 23 
children between the ages of 5 and 15 years, 
but suffering from various hematologic dis- 
orders, were also vaccinated. Of these 23 
children, nine children had §-thalassemia, 
ten children had hereditary spherocytosis, 
three children had idiopathic thrombəcy- 
topenic purpura, and one child had pyru- 
vate-kinase—deficiency hemolytic anemia. 
In addition, 12 of the 23 children had under- 
gone a splenectomy before vaccination. 

Informed consent was obtained from the 
parents of the children, and the protocol 
was approved by the Research Ethics Com- 
mittee of the Adelaide Children’s Hospital, 
North Adelaide, South Australia. 

All children were given a single dose of a 
14-valent pneumococcal vaccine that 2on- 
tained 50 pg of each of the component 
capsular polysaccharides (Danish types 1, 
2,3, 4, 6A, TF, 8, 9N, 12F, 14, 18C, 19F, 23F, 
and 25) (Merck, Sharp, and Dohme, West 
Point, Pa). 

Serum was colleeted immediately before 
and one month after vaccination and was 
stored at —15 °C until assayed. Antibodies 
to each of the 14 polysaccharide serotypes 
contained in the vaccine were measured by 
radioimmunoassay (RIA) as described by 
Schiffman et al,’ but with minor modiñca- 
tions.° 


One-way analysis of variance was used to 
test for the significance of differences in 
both the preimmunization and postimmuni- 
zation antibody levels and the fold rise in 
antibody levels between age groups. The y? 
test was used to analyze differences in the 
proportion of individuals with at least a 
twofold increase in antibody level between 
age groups. 

RESULTS 

Age-Related Antibody Response 

of Healthy Children 

The 99 healthy children enrolled in 
this study were divided into four age 
groups according to age at their previ- 
ous birthday; the age groups were 5 to 
7, 8 to 10, 11 to 12, and 13 to 15 years. 
Geometric mean (GM) antibody levels, 
both before and after vaccination, 
were determined for each age group 
and for each of the 14 pneumococcal 
serotypes contained in the vaccine. 
The GM fold rise in antibody level and 
the percentage of individual vaccinees 
showing greater than a twofold rise 
were also determined for each group. 
The results are shown in Table 1. 

Significant differences were ob- 
served, between age groups, in the 
preimmunization antibody levels for 
types 2, 3, 4, 6A, 7F, and 12F. For all 
these serotypes the GM preimmuniza- 
tion antibody level for the 5- to 7-year- 
old age group was less than that for the 
older age groups. A similar trend was 
also observed for types 1, 8, 18C, 19F, 
and 23F, but this did not reach statis- 
tical significance. These results sug- 
gest that children continue to acquire 
antibody naturally to the majority of 
the pneumococcal serotypes tested up 
to the age of 8 years. 

Significant differences in postim- 
munization antibody levels between 
age groups were observed for types 1, 
4, 9N, 12F, 18C, 19F, and 23F. For all 
these serotypes, the GM postimmuni- 
zation level was lowest in the 5- to 7- 
year-old age group. Above this age 
group, the GM antibody level reached a 
plateau for all of these serotypes at 8 to 
10 years, except for type 23F for which 
antibody levels showed a steady in- 
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*Pre indicates geometric mean preimmunization antibody level, expressed as nanogr 
postimmunization antibody level; FR, geometric mean fold rise in antibody level; and %, 


antibody level. 


+Significant difference between age groups, P<.05 (one-way analysis of variance). 
tSignificant difference between age groups, P<.01 (one-way analysis of variance). 
§Significant difference between age groups, P<.01 (x? test). 


crease up to the 13- to 15-year-old age 
group. Although not statistically sig- 
nificant, trends were seen in antibody 
levels to types 2, 6A, and 7F, which 
also seemed to reach a plateau at the 8- 
to 10-year-old age group, while anti- 
body to type 14 steadily increased up to 
the 13- to 15-year-old age group. On the 
other hand, GM postimmunization an- 
tibody levels to types 3, 8, and 25 
remained steady across the entire age 
range studied. 

For the majority of serotypes, the 
GM fold rise in antibody level between 
preimmunization and postimmuniza- 
tion serum specimens remained steady 
throughout the 5- to 15-year-old age 
range. Upward trends in fold rise with 
age, however, were observed for types 
9N, 14, 18C, and 23F; these trends 
were statistically significant for types 
9N and 23F (P<.01). Thus the GM fold 
rise in antibody level for type 23F 
increased from 1.68 at 5 to 7 years to 
4.71 at 13 to 15 years. Type 23F also 
showed a significant increase in the 
percentage of individual vaccinees 
showing greater than a twofold rise in 
antibody level (P<.01). At 5 to 7 years 
of age only 29% of recipients re- 
sponded with a doubling of antibody 
level, but by 13 to 15 years of age this 
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percentage had increased to 83%. 

To further illustrate the effect of age 
on preimmunization and postim- 
munization antibody levels, the data 
for types 4, 6A, 14, 18C, 19F, and 23F 
(the six serotypes that most commonly 
cause serious pneumococcal disease in 
children) are represented graphically 
in the Figure. As described previ- 
ously, 5- to 7-year-old children have 
lower preimmunization antibody levels 
than older children for types 4, 6A, 
18C, 19F, and 23F, but not for type 14. 
Postimmunization antibody levels are 
also lowest in the 5- to 7-year-old age 
group for these six serotypes. 


Antibody Response of 
Hematologically Affected Children 


The antibody response of 23 children 
suffering from various hematologic 
disorders was also determined. Of 
these, eight children were aged 5 to 7 
years; four children, aged 8 to 10 years; 
four children, aged 11 to 12 years; and 
seven children, aged 18 to 15 years, at 
the time of vaccination (this age distri- 
bution is similar to that of the normal 
group). As the numbers in each age 
group were small, the data were 
pooled and compared with the pooled 
data for the 99 normal children (Table 


ams of antibody N per milliliter of serum; Post, geometric mean 
percentage of individuals with greater than a twofold increase in 


2). The antibody responses of the two 
groups to the various components of 
the vaccine were remarkably similar, 
both in terms of GM postimmunization 
antibody level and GM fold rise in 
antibody level, as well as in percentage 
of individuals with greater than a two- 
fold rise in antibody level. 


COMMENT 


In a previous study of pneumococcal 
vaccination in healthy Adelaide chil- 
dren under the age of 5 years, it was 
demonstrated that although both pre- 
immunization antibody levels and anti- 
body response to vaccination steadily 
increased with age, the response to the 
pneumococcal serotypes commonly 
causing serious disease in children 
(types 6A, 14, 19F, and 23F) remains 
poor at least up to the age of 5 years.” 
The poor antibody response to these 
common serotypes probably ac- 
counted in part for the lack of protec- 
tion from respiratory tract infections 
observed in this group of children.’ 

The present study was done to 
determine whether the above trends 
extended into older age groups. For 
the majority of serotypes tested, we 
found that preimmunization (base- 
line) antibody level reached a plateau 
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in the 8- to 10-year-old age group. The 
reason for this is uncertain, but it 0 
might be related, at least in part, to 


nasal carriage of pneumococci. Studies 8,000 
in our laboratory have shown that 
nasal carriage of a particular pneu- 6.000 


$b 


mococcal serotype correlates with a 
significantly increased serum anti- 
body level to that type (J.C.P., un- 4,000 
published data, December 1985). Loda 
et al’ reported that the pneumococcal 
carriage rate in white children in 
North Carolina remained steady at 
approximately 50% up to the age of 6 
years but decreased to 12% at 8 to 10 0 
years of age. Similar results have been 5-7 8-10 14-12 13-15 5-7 8-10 11-12 13-15 
obtained for Adelaide children. Thus 
there is an approximate correlation 
between the age at which natural ac- 
quisition of type-specific antibody 
ceases and the age at which antigenic 
stimulation through carriage of pneu- 
mococci diminishes. 
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Effect of age on geometric mean preimmunization (solid bars) and postimmunization (cross- 
hatched bars) antibody levels to the six most common pneumococcal serotypes. Antibody 
levels measured in nanograms of ant body N per milliliter of serum. 


important finding in the present study tosis, idiopathic thrombocytopenic 


The effect of age group on antibody 
response to vaccination (as determined 
by GM postimmunization antibody 
level) varied according to serotype. 
For the majority of serotypes, includ- 
ing the important types 6A, 18C, and 
19F, the antibody level plateaued at 8 
to 10 years of age. However, postim- 
munization antibody levels to types 14 
and 23F continued to increase up to 13 
to 15 years of age, while the response 
to types 3, 8, and 25 did not vary 
between age groups. A particularly 
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was that the five serotypes witk the 
lowest GM postimmunization antibody 
level, in the 5- to 7-year-old age group, 
were types 6A, 14, 18C, 19F, and 23F. 
These are also the five serotypes most 
commonly carried in the nasopharynx 
and the five leading causes of serious 
pneumococcal disease in Adelaide chil- 
dren. 

In the present study the response of 
the 23 children (12 of whom had under- 
gone splenectomy before vaccination) 
suffering from hematologic disorders 
(8-thalassemia, hereditary spherocy- 


purpura, or hemolytic anemia) did not 
differ significantly from that of the 99 
healthy children for any pneumococcal 
serotype. These data support the find- 
ings of previous studies which showed 
that splenectomy for hereditary sphe- 
rocytosis did not reduce the total anti- 
body response to pneumococcal vac- 
cine, aS measured by RIA.” 
However, studies employing the en- 
zyme-linked immunosorbent assay 
(ELISA) technique for measuring 
class-specific pneumococcal antibody 
levels have shown that the IgM re- 
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*Pre indicates geometric mean preimmunization antibody level, expressed as nanograms of antibody 
N per milliliter of serum; Post, geometric mean postimmunization antibody level; FR, geometric mean fold 
rise in antibody level; and %, percentage of individuals with greater than a twofold increase in antibody 


level. 


sponse to pneumococcal vaccine is sig- 
nificantly reduced in splenectomized 
individuals.” (Children participating 
in this study who had undergone a 
splenectomy for hematologic illnesses 
have not been prescribed long-term 
penicillin prophylaxis, but intercur- 
rent illnesses have been treated 
promptly with antibiotics. No epi- 
sodes of overwhelming sepsis have oc- 
curred.) 

Although there have been several 
studies on the response of 5- to 15-year- 
old children as a group,*””" the effect 
of age on type-specific antibody re- 
sponse to pneumococcal vaccine within 
this age range has not been studied 
previously. Our results show that the 
age-dependent increase in baseline 
antibody level and response to pneu- 
mococeal vaccine, which was previ- 
ously observed in 0.5- to 4.5-year-old 
children,’ continues in older children. 
By 8 to 10 years of age, the maximal 
response to the 14 serotypes contained 
in the vaccine is achieved (except for 
types 14 and 23F), and postimmuniza- 
tion antibody levels are comparable 
with those previously reported for 
healthy adults.” 

It should be pointed out that even in 
the 5- to 7-year-old age group, the GM 
preimmunization antibody levels gen- 
erally exceeded the value of 300 ng of 
antibody N per milliliter of serum, 
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which has been put forward as a “mini- 
mum protective level” against bac- 
teremic infection. However, several 
normal individuals had levels less than 
this for a number of important sero- 
types. Furthermore, the minimum 
protective level might indeed be 
greater for certain pneumococcal 
serotypes and for high-risk (eg, sple- 
nectomized) individuals. The level of 
antibody required to prevent pneu- 
mococcal otitis media or sinusitis, or to 
eliminate nasal carriage, is not known. 
Until more detailed information is 
available, it therefore seems prudent 
to strive for a pneumococcal vaccina- 
tion regimen that maximizes the anti- 
body levels of the target population. 
There is an overwhelming clinical ar- 
gument for administering pneumococ- 
cal vaccine to splenectomized children 
as early as possible, and the official 
recommendation is that vaccination 
should be carried out when the child 
attains the age of 2 years.” Ideally, 
the antibody response should be mea- 
sured. In light of our findings, con- 
sideration should be given to revac- 
cination at age 8 years, until a more 
immunogenic pediatric vaccine is 
available. Children who receive their 
first dose of vaccine after reaching the 
age of 8 years can probably be pre- 
sumed to have responded as well as 
adults to the majority of serotypes. 
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Hypercalciuria Associated With Long-term 





Administration of Calcitriol (1,25-Dihydroxyvitamin D.,) 


Action of Hydrochlorothiazide 


Fernando Santos, MD; M. J. Vernon Smith, MD, PhD; James C. M. Chan, MD 


e Urine calcium excretion was evalu- 
ated in 19 patients before and after cal- 
citriol (1,25-dihydroxyvitamin D,) treat- 
ment that was followed up for a five- to 
seven-year period. The effects of in- 
creases of calcitriol dosage and modifi- 
cations of calciuria with hydrochlorothi- 
azide were systematically examined. The 
urine calcium excretion before calcitriol 
therapy was 2.3+0.8 mg/kg/day (mean- 
+ SEM) and the urine calcium-creatinine 
concentration ratio was 0.12 + 0.04. With 
the dose of calcitriol at 23 ng/kg/day, these 
values increased to 3.2+0.8 mg/kg/day 
and 0.19+0.04, respectively. Following 
double dose of calcitriol (44 ng/kg/day), 
increments in calciuria and urinary 
calcium/creatinine concentration of 
1.4+0.6 mg/kg/day and 0.10+0.03, re- 
spectively, were observed. With con- 
comitant administration of hydro- 
chlorothiazide (1 to 2 mg/kg/day) therapy 
at maintenance dose and calcitriol 
(31 ng/kg/day), the urine calcium ex- 
cretion effectively decreased by 
1.3+0.6 mg/kg/day and the urine cal- 
cium—creatinine concentration ratio by 
0.05 + 0.02. The results suggest that chil- 
dren with calcium-phosphate disorders 
who require long-term treatment with 
calcitriol must be carefully monitored in 
terms of urine calcium excretion, espe- 
cially when the dosages are increased to 
achieve maximal therapeutic efficacy. 
Calciuria induced by calcitriol adminis- 
tration is effectively reversed by addi- 
tion of hydrochlorothiazide to the treat- 
ment regimen. 

(AJDC 1986;140:139-142) 
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(Currently, long-term administration 
of calcitriol (1,25-dihydrox- 
yvitamin D,) is recommended for 
treatment of a number of endocrine 
and renal disorders associated with 
impaired calcium-phosphate metabo- 
lism.** Administration of calcitriol, 
however, may give rise to undesirable 
side effects, such as hypercal- 
cemia,”*” hypercalciuria,"” and, par- 
adoxically, even negative calcium bal- 
ances.“ These complications are 
usually countered by temporary inter- 
ruption of drug administration. 

The hypocalciuric action of thiazide 
diuretics” has been successfully uti- 
lized in the treatment of patients with 
recurrent calcium stones.” Likewise, 
thiazides efficaciously reduce the ex- 
cretion of calcium in subjects with 
idiopathic hypercalciuria.”"* Studies 
in animals have demonstrated that 
thiazides counteract the hyper- 
ealciuric effect of vitamin D® and 
calcitriol,” but little data” are availa- 
ble on its utilization in children with 
hypercalciuria induced by vitamin D 
and its metabolites. The following 
study was designed to evaluate the 
hypercalciuric action of calcitriol and 
the effect of hydrochlorothiazide on 
this calcitriol-induced calciuria ir. pe- 
diatric patients requiring continuous, 
long-term supplements of calcitriol. 


PATIENTS AND METHODS 


Nineteen patients with metabolic and/or 
renal diseases related to calcium-phosphate 
metabolism followed up at the Medica! Col- 
lege of Virginia, Richmond, over a five- to 
seven-year period, from January 1978 to 
December 1984, were studied. The primary 
diagnosis was renal hypophosphatemic 
rickets in ten patients, chronic renal feilure 
in six patients, and hypoparathyroidism in 
three patients. Age of patients was 
13.3+2.2 years (mean + SEM). 


All patients were admitted to the Clinical 
Research Center following a protocol ap- 
proved by the Human Research Committee 
with readmissions at six- to 12-month inter- 
vals for reevaluation. Informed consent was 
obtained from the patients and/or, when 
applicable, their parents. 

Treatment with supplements of vitamin 
D or its metabolites was discontinued for 
four weeks before hospital admission. 
Then, urine calcium excretion estimated in 
milligrams per kilogram per 24 hours and in 
the calcium-creatinine (Ca/Cr) concentra- 
tion ratio” were evaluated, in 19 and 17 
patients, respectively, in two sequential 
periods: before treatment with calcitriol, 
and after initial dose of calcitriol at 
23 ng/kg/day. 

The patients were discharged from the 
hospital under treatment with this initial 
dose of calcitriol and 11 of them were fur- 
ther readmitted. Urine calcium excretion 
estimated in milligrams per kilogram per 
24 hours and in urinary Ca/Cr ratio (11 and 
nine patients, respectively) was again stud- 
ied in two sequential periods: under initial 
dose of calcitriol, and after doubling this 
first dose of calcitriol. 

In the third phase of the study, 12 of the 
children (five with renal hypophosphatemic 
rickets, six with chronic renal failure, and 
one with hypoparathyroidism), while re- 
ceiving continuous supplements of calci- 
triol, were readmitted to the Clinical Re- 
search Center. Urine calcium excretion 
evaluated in milligrams per kilogram per 24 
hours and in Ca/Cr ratio (12 and ten individ- 
uals, respectively) was studied during the 
following conditions: under maintenance 
calcitriol therapy of 31 ng/kg/day, and 
after addition of hydrochlorothiazide (1 to 
2 mg/kg/day) to maintenance dose of 
calcitriol. 

Daily, calcitriol was administered by oral 
route in one or two divided doses. Hydro- 
chlorothiazide was given orally in two to 
three divided doses. 

Each one of the six periods of study 
consisted of four days. During the last two 
days of each period, two 24-hour urine 
samples were collected for determinations 
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Fig 2.—Effects of calcitriol (1,25-dihydroxyvitamin D,) on urine 
calcium excretion expressed by urinary calcium—creatinine concen- 
tration ratio (U Ca/Cr). Bars indicate mean values+SEM. Left, 
Open circles indicate U Ca/Cr before calcitriol administration; solid 
circles, U Ca/Cr after initial level of calcitriol administration 
(23.34 + 2.15 ng/kg/24 hr). Right, Open circles indicate U Ca/Cr with 
initial level of calcitriol administration (22.10+3.29 ng/kg/24 hr); 
solid circles, U Ca/Cr after doubling this dose. 
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Fig 3.—Influence of hydrochlorothiazide on urine calcium excretion 
(U Ca) in patients with maintenance dose of calcitriol (1,25- 
dihydroxyvitamin D,). Bars indicate mean values + SEM. Left, Open 
circles indicate calciuria (mg/kg/24 hr) before diuretic administra- 
tion. Maintenance dose of calcitriol is 30.95+5.54 ng/kg/24 hr. 
Solid circles, calciuria (expressed in milligrams per kilogram per 24 
hours) following diuretic administration. Right, Open circles indicate 
urinary calcium—creatinine concentration ratio (U Ca/Cr) before 
diuretic administration. Maintenance dose of calcitriol is 
31.33+6.69 ng/kg/24 hr. Solid circles, U Ca/Cr following diuretic 
administration. 


of calcium and creatinine. On the morning 
of the fourth day, fasting venous blood 
samples were obtained for analysis of cal- 
cium and potassium concentrations. The 
serum potassium value was evaluated in the 
second phase of the study. Calcium was 
measured by atomic absorption spectro- 
photometry* and potassium and creatinine 
by standard methods.’ 

All results were expressed as mean+ 
SEM. Statistical analysis was performed 
using Student’s t test for paired data. 
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RESULTS 


Figures 1 and 2 show that calcitriol 
administration resulted in an increase 
of urine calcium excretion. In refer- 
ence to the 11 children included in the 
first two phases of the study, their 
urine calcium excretion did not change 
significantly while they were receiving 
the same dose of calcitriol (after initial 
dose: calciuria was 2.0 + 0.6 mg/kg/24 hr 


and urinary Ca/Cr ratio was 0.13 + 0.04; 
before doubling the dose of calcitriol in 
the second phase of the study, these 
values were 1.6+0.5 mg/kg/24 hours 
and 0.08 +0.03, respectively). 

Significant changes in serum cal- 
cium concentrations were observed 
only after doubling the dose of 
calcitriol. Serum calcium concentra- 
tions increased from 9.4+0.3 to 
9.7+0.3 mg/dL (P<.085). 
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Figure 3 summarizes the effects of 
hydrochlorothiazide administration on 
urine calcium excretion in patients re- 
ceiving the maintenance dose of 
calcitriol. Diuretic therapy signifi- 
cantly lowered the urinary calcium ex- 
cretion. 

Changes in serum calcium and po- 
tassium concentrations were also in- 
vestigated. Serum calcium concentra- 
tion increased significantly from 
9.7+0.3 mg/dL before diuretic admin- 
istration to 10.0+0.4 mg/dL during 
treatment (P<.02). Although the 
mean value of serum potassium con- 
centration decreased (4.6+0.3 vs 
4.0+0.6 mEq/L), hydrochlorothiazide 
did not alter the serum potassium con- 
centration significantly (P>.05). 


COMMENT 


Hypercalciuria is frequently ob- 
served in patients under treatment 
with calcitriol."” Although this hy- 
percalciuric effect is mainly due to 
increased intestinal calcium absorp- 
tion,” its persistence even after 
severe dietary calcium restriction®*” 
led to the conclusion that the negative 
calcium balance served to stimulate 
bone resorption. ™®”* 

The hypercalciuric action of 
calcitriol is clearly shown in the pa- 
tients of our study. Urine calcium ex- 
cretion rose both after initial adminis- 
tration of calcitriol and after the dose 
was doubled (Figs 1 and 2). 

It is important to note that calciuria 
related to vitamin D metabolites may 
occur without simultaneous increase of 
serum calcium concentrations.” The 
initial elevation of the serum calcium 
concentration, secondary to enhanced 
intestinal calcium absorption, is 
rapidly offset by the reduction in para- 
thyroid hormone production. After 
doubling the initial dose of calcitriol, 
cealcitriol-induced hypercalcemia (se- 
rum calcium concentration 11.0 mg/dL 
or more) was not encountered in our 
patients even when a moderate, but 
significant, increase in serum calcium 
concentration was observed. 

Hydrochlorothiazide stimulates the 
distal tubular reabsorption of cal- 
cium” by dissociation of the calcium- 
sodium transport.” Usually, its hy- 
pocalciuric action is not present until 
three or four days after initiation of 
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drug therapy.”** This delay is due to 
the fact that initially the diuretic-in- 
duced natriuresis gives rise to in- 
creased renal leak of calcium. Reduc- 
tion of urinary calcium concentration 
becomes evident only when extra- 
cellular fluid volume contraction limits 
the renal excretion of sodium. The 
interval between the beginning of drug 
administration and its hypocale-uric 
action can be shortened by adding 
amiloride hydrochlorothiazide” or by 
first inducing extracellular fluid vol- 
ume contraction.” 

In the present study, hydro- 
chlorothiazide significantly decreased 
ealciuria of the children receiving con- 
tinued treatment with supplements of 
calcitriol (Fig 3). Experimental stud- 
ies*” have suggested that thiazides 
reduce vitamin D-induced hyper- 
ealciuria by stimulating tubular cal- 
cium reabsorption. In spite of this in- 
tensified tubular reabsorption, 
changes in serum calcium concentra- 
tions are uncommon.” In thyropara- 
thyroidectomized rats treated with 
calcitriol, Rizzoli et al” invoked an 
inhibitory effect of hydrochloro- 
thiazide on intestinal calcium absorp- 
tion to explain the lack of hypercal- 
cemia, despite a rise in the renal 
tubular calcium reabsorption. 

We detected a mean serum caleium 
increment of 0.3 mg/dL following 
administration of diuretic therapy. Hy- 
perealcemia (11.3 mg/dL) was ob- 
served in one child after hydro- 
chlorothiazide administration. This 
effect, rarely encountered during 
long-term administration of the 
diuretic,””” seems to be related to 
the diuretic-induced volume contrac- 
tion and/or a potentiation of the skel- 
etal action of parathyroid hormone.” 
Although hypercalcemia is an uncom- 
mon occurrence in patients receiving 
long-term thiazide therapy,” this com- 
plication continues to be occasionally 
reported. Thus, careful and periodic 
monitoring of serum calcium values is 
mandatory.** Moreover, patients 
with other underlying conditions that 
predispose them to the risk of hyper- 
calcemia are more vulnerable”? and 
regular determinations of serum and 
urine calcium concentrations must be 
emphasized for patient safety consid- 
erations. 


Hypokalemia is a well-known un- 
desirable side effect of long-term 
thiazide therapy. In our patients, 
short-term administration of hydro- 
chlorothiazide decreased mean serum 
potassium concentration from 4.6 to 
4.0 mEq/L, although this change did 
not show statistical significance 
(P>.05). The addition of amiloride to 
the thiazide therapy prevents ex- 
cessive loss of urinary potassium” 
and potentiates its hypocalciuric 
action.?7'"* 

Our data demonstrate that hydro- 
chlorothiazide may serve some value in 
reversing and preventing the hyper- 
calciuria induced by calcitriol adminis- 
tration in children with renal and endo- 
crine disorders. This hypocalciuric 
effect may be of utility to current prac- 
tice in patients requiring large contin- 
uous supplements of calcitriol. 
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Restoration of Suppressor T-Cell 
Functions in Children With AIDS Following 
Intravenous Gamma Globulin Treatment 


Asha Gupta, MD; Brian E. Novick, MD; Arye Rubinstein, MD 


e Suppressor T-cell function was ana- 
lyzed in seven children with acquired au- 
toimmunodeficiency syndrome (AIDS) 
or AIDS-related complex (ARC). Four of 
the patients had markedly increased se- 
rum IgG levels. All patients had elevated 
percentages and absolute numbers of 
peripheral blood T8 cells. In vitro con- 
canavalin A generation of suppressor 
cells for T-cell mitogenic responses and 
suppression of pokeweed mitogen- 
driven immunoglobulin secretion were 
diminished in all patients. After intra- 
venous treatment with gamma globulin, 
four patients regained in vitro sup- 
pression of pokeweed mitogen-—driven 
gamma globulin secretion. Treatment 
with intravenous gamma globulin also 
modified in vitro suppressor T-cell func- 
tions in children with AIDS or ARC. 

(AJDC 1986;140:143-146) 


nfants and children with ac- 
quired immunodeficiency syn- 
drome (AIDS) or AIDS-related com- 
plex (ARC) most frequently present 
with recurrent bacterial infections and 
sepsis.'* Most of these children exhibit 
a hypergammaglobulinemia but a poor 
specific antibody response? and in- 
creased peripheral blood T8 cells (sup- 
pressor/cytotoxic T cells).’* The pres- 
ence of hypergammaglobulinemia in 
spite of an elevated number of T8 cells 
might suggest, among other things, an 
abnormal suppressor effect of these 
cells. In the present study we have 
analyzed the in vitro function of sup- 
pressor T cells before and after treat- 


Accepted for publication Oct 25, 1985. 

From the Departments of Pediatrics (Division 
of Allergy and Immunology) and Microbiology 
and Immunology, Albert Einstein College of 
Medicine, Bronx, NY. 

Reprint requests to Department of Pediatrics, 
Albert Einstein College of Medicine, Forch- 
heimer Bldng, Room 426, 1300 Morris Park Ave, 
Bronx, NY 10461 (Dr Rubinstein). 


AJDC—Vol 140, Feb 1986 


ment of the patients with intravenous 
gamma globulin (IGIV). 


PATIENTS AND METHODS 
Patients 


Seven children ranging in age frem 6 
months to 6 years were studied. Patients 2, 
4, 6, and 7 met the Centers for Disease 
Control criteria for pediatric AIDS with 
opportunistic infection.’ Patients 2 end 6 
have died from an opportunistic infection 
several months after completion of the 
study. Patients 1, 3, and 5 had al. the 
criteria needed to meet the case definition 
of pediatric ARC with chronic lymphoid 
interstitial pneumonitis. The cl:nical 
courses of patients 1 through 3 and 5 and 6, 
respectively, have been previously de- 
scribed in detail.** The mothers of the =hree 
children with ARC have died from AIDS. 
All patients were antibody positive for 
human T-cell lymphotropic virus type III 
(HTLY-III) as detected by enzyme-linked 
immunosorbent assay (ELISA) and con- 
firmed by Western blots, as previously 
reported.® 

The control greup consisted of ten sib- 
lings or household contacts, aged 2 to 4 
years, of a child with AIDS. All cortrols 
were antibody negative for HTLV-III. In 
the concanavalin assay and in the pokeweed 
mitogen (PWM) assay, at least one age- 
matched control was studied simulta- 
neously. 


Treatment With IGIV 


Five patients (patients 1 through 4, and 
6) were treated with IGIV for a period of 
four to 13 months. The loading doses of IgG 
consisted of 50 and 100 mg/kg in the first 
week, followed by a maintenance dase of 
200 mg/kg biweekly. 


Methods 


Serum IgG levels were measured Ly ra- 
dial immunodiffusion using specific anti- 
sera. Tetanus antibodies of IgG class were 
measured by a standard hemagglutination 


technique. Immunization with bacteri- 
ophage OX174 was used for patients 2 
through 7, as previously reported." 

Peripheral blood mononuclear cells were 
isolated by Ficoll-Hypaque gradients. Pe- 
ripheral blood T cells were enriched by the 
rosetting of mononuclear cells with sheep 
red blood cells, as previously reported.' 
The rosetted cell mixture was then reex- 
posed to a Ficoll-Hypaque gradient. Pel- 
leted rosettes were lysed by 0.87% am- 
monium chloride. The rosetting procedure 
and the Ficoll gradient centrifugation were 
repeated to further enrich the T cells. 

Helper T cells (T4) and suppressor/ 
cytotoxic T cells (T8) were quantitated with 
the respective monoclonal antibodies on a 
fluorescent-activated cell sorter.’ 

Concanavalin A (Con A)-induced sup- 
pression of mitogenic responses was mea- 
sured as previously reported.*” Peripheral 
blood mononuclear cells were incubated for 
48 hours either with or without Con A 
(2 pg/mL), washed in RPMI 1640 culture 
medium, and then treated with mitomycin 
C; subsequently, 1 x 10° cells were added to 
1x 10° peripheral blood mononuclear cells 
from healthy adult volunteers. In each Con 
A-suppressor cell experiment the AIDS or 
ARC patient was studied simultaneously 
with at least one age-matched control. Co- 
cultures of Con A-treated patient cells 
were set in the presence or absence of 
phytohemagglutinin. The suppressor cell 
activity of the patient’s cells was measured 
by the cells’ ability to suppress phyto- 
hemagglutinin-induced DNA synthesis of 
mononuclear cells from the healthy control. 
Percent of suppression was calculated as 
follows: 


% suppression = 100 — 
cpm nontreated cells + 
healthy control cells 


epm Con A-treated cells + 
healthy control cells 


x 100, 


where cpm indicates counts per minute. 
In vitro IgG secretion was measured as 
previously reported."” Principally, 1x 10° 
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T cells from AIDS and ARC patients were 
cocultured in triplicate with 1x 10° mono- 
nuclear cells from healthy adult volunteers. 
One percent PWM was added to the co- 
cultures. After six days the cocultures 
were pulsed with tritiated leucine for 24 
hours. The IgG secreted into the superna- 
tant over 24 hours was measured by a 
radioimmunoassay according to Litwin.” 
Results are expressed as follows: suppres- 
sion index=(observed cpm/expected 
cpm) x 100, where expected cpm is the value 
obtained when normal T cells are cocul- 
tured with normal mononuclear cells and 
observed cpm is the value obtained when 
normal T cells in the same experiment are 
replaced by T cells from a patient. All 
results were compared with cocultures of 
ten healthy, age-matched controls. Sup- 
pressor cell assays were performed one to 
three times prior to IGIV treatment. Fig- 
ures 1 through 3 show the highest value of 
suppression. 


RESULTS 
Immunologic Profile 


The immunologic profile of all pa- 
tients is summarized in the Table. 
Four patients demonstrated markedly 
elevated serum IgG levels. All patients 
had markedly elevated peripheral 
blood T8-cell percentages and absolute 
numbers. Only two patients demon- 
strated slightly diminished total lym- 
phocyte counts. Antibody responses 
to tetanus and to bacteriophage OX174 
were decreased in all six patients stud- 
ied, as previously reported.’ 


Suppressor Cell Studies 


Con A-Suppressor Cell Assay.— 
The mean suppression exerted by T 
cells from healthy age-matched con- 
trols was 38% (range, 22% to 53%) 
(Fig 1). The mean suppression for si- 
multaneously studied T cells from pa- 
tients with AIDS or ARC was 4% 
(range, 3% to 16%). There was no over- 
lap between controls and AIDS or 
ARC patients in this assay. No differ- 
ences were noted between AIDS and 
ARC patients and therefore all patient 
results were pooled. The T cells from a 
patient with acquired agammaglobu- 
linemia (common variable immu- 
nodeficiency), and who had 68% pe- 
ripheral blood T8 cells, were used as a 
positive control, showing 80% sup- 
pression (Fig 1). 

PWM-Suppressor Cell Assay.— 
The suppression index of normal T 
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Normal range 
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cells on polyclonal PWM-driven IgG 
secretion in cocultures involving 
T cells and peripheral lymphocytes 
from healthy volunteers ranged from 
50 to 150 with a mean of 82. Therefore, 
a value lower than 50 represented ab- 
normally high suppression of IgG se- 
cretion, while a value higher than 150 
represented abnormal augmentation. 
The suppression index of T cells from 
children with AIDS or ARC ranged 
from 145 to 200 with a mean of 192 
(Fig 2), suggesting no suppression but 
rather augmentation of immunoglob- 
ulin secretion by normal B lympho- 
cytes. In five children this assay was 
repeated after four to 13 months of 
IGIV treatment, 14 days after the last 
IGIV dose. In four children the sup- 
pression of PWM-driven IgG secretion 
reverted to normal (Fig 3). In this 
limited study there was no correlation 
between the length of IGIV treatment 
and the change in the assays of T-cell 
suppressor function. Patient 2, whose 
T-cell suppression in the PWM assay 
remained unchanged after IGIV treat- 
ment, shortly thereafter died of dis- 
seminated Mycobacterium avium 
infection and Pneumocystis carinii 
pneumonia. Following IGIV treat- 
ment, serum immunoglobulin levels 
remained unchanged in all patients 
(data not shown). 


COMMENT 


Children and infants with AIDS or 
ARC suffer from recurrent bacterial 
infections and sepsis.™*® Early in their 
disease course they exhibit B-cell 
defects'** similar to those described in 
adults with AIDS.“ We have demon- 


strated in infants with AIDS and ARC 
a poor in vivo primary and secondary 
antibody response to T-cell—depen- 
dent and T-cell-independent anti- 
gens.’ Despite this specific antibody 
defect, most children with AIDS or 
ARC are markedly hypergammaglob- 
ulinemic and exhibit hyperactive, 
spontaneous B-cell responses in vi- 
tro.'* The trigger for this B-cell activa- 
tion is unknown. Among other factors, 
persistent Epstein-Barr virus (EBV) 
infection has been implicated.’ Ep- 
stein-Barr virus can transform and 
immortalize B cells, leading to hyper- 
gammaglobulinemia or to B-cell lym- 
phoproliferative disease.” Persist- 
ent EBV infection has, however, been 
documented by us in only three of the 
seven patients reported herein, so 
other B-cell-activating mechanisms 
have to be considered. Among other 
mechanisms, suppressor T cells (T8 
cells) have been shown to regulate B 
cells.*"* Increased peripheral blood 
T8-cell percentages have been almost 
uniformly reported in adults with 
AIDS or ARC and were noted in all of 
our study patients (Table). In many 
instances the first abnormality noted 
in patients with ARC is the increase in 
number of T8 cells.” There is, however, 
an apparent paradox of excessive im- 
munoglobulin production in the face of 
increased T8 cells. Landay et al” dem- 
onstrated that T8 (Leu-2) cells can be 
divided into cytotoxic and suppressor 
cells by the simultaneous presence or 
absence of another surface antigen, 
Leu-15 (or D12). The T8+/15- cells 
include the cytotoxic subpopulation. It 
is conceivable that the diminished sup- 
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Fig 1.—Concanavalin A-suppressor cell 
assay of children with acquired immunodefi- 
ciency syndrome (AIDS) and AIDS-related 
complex (ARC). Lymphocytes of patients 
were pretreated with concanavalin A and 
their suppressive effect on concanavalin A 
stimulation of normal lymphocytes was 
measured. Solid circles indicate AIDS and 
ARC; open circle, agammaglobulinemia; 
and bars, mean values. 
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Fig 2.—In vitro suppression of pokeweed 
mitogen—driven IgG secretion in children 
with acquired immunodeficiency syndrome 
(AIDS) and AIDS-related complex (ARC). 
Suppression index was determined by the 
following equation: (observed cpm/ex- 
pected cpm) x 100, where cpm is the incor- 
poration of tritiated leucine into secreted 
gamma globulin. Solid circles indicate AIDS 
and ARC; open circle with X, agamma- 
globulinemia; and bars, mean values. 


pressor T-cell function reported herein 
is due to a selective depletion of the 
T8+/15+ subset. A functional T8 sup- 
pressor cell defect, however, also has 
to be considered in our patients since 
the suppressor cell population could 
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Fig 3.—In vitro suppression of pokeweed mitogen—driven IgG secretion before (white bars) 
and after (black bars) gamma globulin treatment. Suppression index was determined by the 
following equation: (observed cpm/expected cpm) x 100, where cpm is the incorporation of 


tritiated leucine into secreted gamma globulin. 


not be expanded and/or activated in 
vitro by Con A (Fig 1). Moreover, T 
cells from our patients failed to sup- 
press the PWM-driven IgG secretion 
(Fig 2). A similar defect has been ċem- 
onstrated in patients with rheumatoid 
arthritis in whom late EBV-specific 
suppression of in vitro IgG secretion 
was absent while all other functions 
were maintained.” 

The documentation of a B-cell defect 
in pediatric AIDS and ARC led us to 
design a therapeutic trial with IGIV. 
Our preliminary studies have shown 
that periodic IGIV administration not 
only prevented almost all bacterial in- 
fections but also altered various immu- 
nologic parameters.” Most striking 
was the decrease in the isomorphic 
elevation of serum lactate dehydro- 
genase (LDH) levels.” Isomorphic 
elevations of LDH levels are an indica- 
tor of B-cell proliferation and are, 
therefore, of greatest magnitude in 
infectious mononucleosis with hyper- 
active B-cell proliferation” and in 
B-cell neoplasia.” The decrease of se- 
rum LDH levels observed by us in 
IGIV-treated patients” suggests a 
feedback inhibition of B-cell prolifera- 
tion. In the present study we deter- 
mined whether IGIV treatment modi- 
fies the phenotypic and functional 
characteristics of T8 cells. No changes 
were noted in T8 cell percentages and 


numbers (data not shown), as was also 
reported for patients with idiopathic 
thrombocytopenic purpura” receiving 
high-dose IGIV therapy. However, we 
have shown that suppression of in vitro 
PWM-driven IgG secretion was re- 
stored after IGIV therapy in our pa- 
tients (Fig 3). Similar alterations of 
feedback mechanisms have been re- 
ported in patients with autoimmune 
thrombocytopenia” and autoimmune 
hemophilia” who were also treated 
with high-dose IGIV therapy. In the 
latter instance IGIV therapy resulted 
in a decrease in serum-clotting-factor 
autoantibodies as a possible expres- 
sion of restoration of immunologic con- 
trol over the B-cell clone producing the 
autoantibody. It has yet to be deter- 
mined if these changes are linked to 
the restoration of suppressor T8 cell 
functions or are due to the nature of 
the immunoglobulin infused. Sultan et 
al” found that the Fab’ 2 fragment of 
IgG in IGIV inhibited in vitro the anti- 
factor VIII-related antigen activity of 
the patient’s Fab’ 2 IgG. This indicated 
that the in vivo effect of IGIV might 
also be due to the presence of anti- 
idiotype antibodies against idiotypes 
expressed by anti-factor VIII-related 
antigen autoantibodies. In a more re- 
cent report of five patients with idio- 
pathic thrombocytopenic purpura who 
exhibited a sustained increase in 
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platelet counts after high-dose IGIV 
therapy, a concomitant increase in Con 
A-inducible suppression of in vitro re- 
sponses to synthetic antigen was also 
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Rate by Tin Protoporphyrin 


Andrew M. Posselt; Linda K. Kwong, PhD; Hendrik J. Vreman, PhD; David K. Stevenson, MD 


è The effect of a single prophylactic 
dose of tin protoporphyrin on the carbon 
monoxide (CO) excretion rate of anti- 
biotic-treated neonatal rats before and 
after hematoma formation was evalu- 
ated. The CO excretion rate, reflecting 
the rate of bilirubin production, of tin 
protoporphyrin-treated (TP-H) rats 24 
hours after injection of 65 mole of tin 
protoporphyrin per kilogram (time [t]=0 
hours) was approximately 18% lower 
than those of the saline-control (S-C) 
and saline-hematoma (S-H) rats, but this 
difference was no longer evident at 
t=43 hours. After hematoma formation 
at t=44 hours, the CO excretion rate 
of the S-H rats increased rapidly; this 
increase was delayed and lessened in 
the TP-H rats. At eight hours posthema- 
toma (t= 52 hours), the CO excretion rate 
of the TP-H rats was significantly 
lower than that of the S-H rats, 53+2 
vs 73+3 wL/kg/hr, respectively. A 
maximal rate of 89+5 yL/kg/hr was 
reached 25 hours posthematoma in the 
S-H rats (t= 69 hours), as compared with 
80+3 yl/kg/hr at 44 hours post- 
hematoma in the TP-H rats (t= 88 hours). 
The recovery of injected blood as CO 
over a 68-hour study period was approx- 
imately 90% for the S-H rats and approx- 
imately 65% for the TP-H rats. At t=112 
hours, hepatic heme oxygenase activity 
of the TP-H rats was still significantly 
lower than that of the S-H and S-C rats; 
however, plasma bilirubin concentra- 
tions of all three groups were similar. 
These studies demonstrate that tin pro- 
toporphyrin is an effective in vivo inhib- 
itor of endogenous heme catabolism as 
measured by the CO excretion rate in 
antibiotic-treated neonatal rats with and 
without artificially created hematomas. 

(AJDC 1986;140:147-150) 
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Tin protoporphyrin, a potent in vitro 
and in vivo inhibitor of heme 3xy- 
genase, has been shown to be effective 
in suppressing the physiologic and in- 
duced hyperbilirubinemia in neoratal 
rats, in patients with primary biliary 
cirrhosis in Gilberts syndrome, in 
adult mice with severe hereditary he- 
molytic anemia,’ and in rhesus mon- 
key neonates.° Under steady-state 
conditions, the carbon monoxide (CO) 
excretion rate, an index of bilirubin 
formation, is proportional to the pro- 
duction rate of CO and of bilirubin.‘ 
Using a flow-through system to mea- 
sure CO excretion directly, we demon- 
strated that a single prophylactic dose 
of tin protoporphyrin was not effective 
in lowering the CO excretion rate of 
neonatal rats with and without artifi- 
cially created subcutaneous hema- 
tomas.*” However, Milleville et al,” 
using a closed system, demonstrated a 
decreased CO production rate in tin 
protoporphyrin-treated adult mice 
with and without exogenous intraperi- 
toneal hemin loads. A possible expla- 
nation for the lack of suppression of CO 
excretion rate in our previous studies 
is that undegraded heme is excreted 
into the intestinal lumen via the bile 
duct”” and is then catabolized by the 
intestinal cells and/or bacteria in CO- 
producing processes. Engel et al“ have 
shown that under aerobic conditions 
both a-hemolytice Streptococcus mitis 
and hemolytic Bacillus cereus de- 
grade heme yielding CO. Thus, it is 
possible that the CO excretion rates of 
the neonatal rats in our previous szud- 
ies might not necessarily reflect only 
the rate of endogenous bilirubin for- 
mation. 
In the present study, neonatal rats 
were treated with broad-spectrum an- 
tibiotics to significantly reduce their 


intestinal aerobic bacterial coloniza- 
tion. The rats were also given sub- 
cutaneous injections of rat blood to 
simulate the clinical hematoma prob- 
lems frequently seen in human neo- 
nates. The effect of a single prophylac- 
tic dose of tin protoporphyrin on the 
CO excretion rate of the antibiotic- 
treated rats before and after hema- 
toma formation was evaluated. 


MATERIALS AND METHODS 
Materials 


Wistar rat litters (n=8) less than 12 
hours old and consisting of nine pups each, 
tin protoporphyrin, and all other reagent- 
grade chemicals were obtained from vari- 
ous suppliers. The tin protoporphyrin solu- 
tion was prepared as described previously,® 
stored in the dark, and used within an hour 
of preparation. Whole rat blood (hemo- 
globin content of approximately 16 g/dL) 
from adult male Wistar rats (body weight, 
200 to 300 g) was obtained via cardiac 
puncture immediately prior to injection. 


Antibiotics 


Rat dams were injected intramuscularly 
with ampicillin sodium in two daily doses of 
50 mg each throughout the study. Pups 
were injected intramuscularly with 5 uL 
each of 12.5-mg/mL kanamycin sulfate and 
250-mg/mL ampicillin sodium; they were 
then gavaged via Silastic tubing (inner di- 
ameter, 0.030 cm; outer diameter, 0.064 cm) 
with 0.25 mL of 1.5-mg/mL neomycin sul- 
fate, according to the schedule outlined in 
the Figure. The colonization of aerobic bac- 
teria in the colon was assessed by bacterial 
culture (see “Experimental Procedure”). 


Experimental Procedure 


The CO excretion rate of the rat pups 
was measured as previously described.*” 
Litters were each divided into groups of 
three rats of similar weight (approximately 
19 g/group): (1) saline-control (S-C); (2) 
saline and hematoma (S-H); and (3) tin 
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Effect of single dose of tin protoporphyrin (TP) on carbon monoxide (CO) excretion rate of 
antibiotic-treated neonatal rats before and after hematoma formation. Antibiotic treatments 
were administered at times indicated by { (ampicillin sodium and kanamycin sulfate) and 
| (neomycin). Each data point represents mean + SE of eight experiments. Open circles 
indicate saline-control group; closed circles, tin protoporphyrin—-treated and hematoma 
group; and triangles, saline-hematoma group. Asterisk indicates significant difference found 
between tin protoporphyrin—-treated and hematoma rats and saline-hematoma rats (P<.05). 


protoporphyrin-treated and hematoma 
(TP-H). Each group was placed into a glass 
chamber (length, 30 cm; inner diameter, 
2.5 em) fitted with gas-tight nylon end 
caps. The chambers were positioned over a 
water bath at 37 °C to keep the pups warm 
during the study. Carbon monoxide-—free 
air from a catalytic combustion filter was 
passed through each chamber at a rate of 70 
to 80 mL/min. After animals had equili- 
brated in the CO-free air for 45 minutes, 
the CO content of the chamber outlet air 
was determined every 13 minutes. The av- 
erage of four determinations was used in 
‘ calculating the CO excretion rate. 

After initial CO excretion rates were 
determined (time [t]=0 hours), the TP-H 
rats were injected subcutaneously in the 
nuchal region with 40 uL of tin proto- 
porphyrin solution (65 pmole/kg). The S-C 
and S-H rats were similarly treated with 
40 uL of 0.9% sodium chloride. The CO 
excretion rate was determined again at 
t=24 hours and at t=43 hours. At t=44 
hours, each of the three TP-H and S-H rats 
were injected subcutaneously in the nuchal 
region with 80 uL of fresh rat blood (ap- 
proximately 0.60 umole of hemoglobin per 
group), and the S-C rats were injected 
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similarly with 0.9% sodium chloride. The 
CO excretion rate was subsequently deter- 
mined at times indicated in the Figure. The 
rats were housed with their mothers be- 
tween all measurements. The experiment 
was terminated at t=112 hours, at which 
time the CO excretion rates of the S-H and 
TP-H groups approached that of the S-C 
group. All animals were then decapitated. 
Heme oxygenase activities in the pooled 
livers of each group were determined by the 
method of Tenhunen et al,” and protein 
concentrations were measured according to 
the method of Lowry et al,” using bovine 
serum albumin as the standard. Plasma 
from the heparinized pooled blood of each 
group was stored in the dark at 4 °C for not 
more than one week before the total bili- 
rubin concentration was determined using 
a UB (unbound bilirubin) analyzer. 

The colons of each group of animals were 
combined, minced, and suspended in 5 mL 
of phosphate-buffered saline of pH 7.4. A 
10-.L calibrated loop was used to plate the 
suspension onto agar dishes of trypticase- 
soy with 5% sheep blood. The dishes were 
incubated at 37 °C, and the number of 
bacterial colonies that formed was deter- 
mined 24 and 48 hours later. 





control 


Saline- 
nematoma 


Tin proto- 
porphyrin— 
treated and 


nematoma 0.7+0.1 


*Values expressed as mean+SE. 

tEach group consisted of eight separate sub- 
groups, three rats per subgroup. 

Values measured in picomoles of bilirubin 
produced per 10 mg of protein per minute. 

§Value significantly different (Student's t test, 
P<.05) from those of other two groups. 


90 + 10§ 


Statistics 


Values were determined as_ the 
mean + SE. Statistical differences between 
the groups were evaluated using the Stu- 
dent’s t test. 


RESULTS 


The number of aerobic bacterial col- 
onies in the colons of the antibiotic- 
treated neonatal rats was nearly elimi- 
nated to less than 0.1% of that found in 
the untreated rats. Before tin pro- 
toporphyrin treatment, CO excretion 
rates were similar in the three groups. 
Twenty-four hours after tin protopor- 
phyrin treatment, the CO excretion 
rate of the TP-H rats was approx- 
imately 18% lower than those of the 
S-C and S-H rats (P<.05), but this 
difference was no longer evident at 
t=43 hours. At this time, the weights 
of the groups were as follows: S-C, 
23.1+0.6 g; S-H, 24.4+0.5 g; and 
TP-H, 23.0+0.6 g. After hematoma 
formation (t = 44 hours), the CO excre- 
tion rate of the S-H rats increased 
rapidly (Figure). This increase was 
delayed in the rats that had received 
tin protoporphyrin. At eight hours 
posthematoma, the CO excretion rate 
of the TP-H rats was significantly 
lower than that of the S-H rats. A 
maximum rate of 89+5 wpL/kg/hr was 
reached at 25 hours posthematoma in 
the S-H rats, as compared with a value 
of 80+3 pL/kg/hr at 44 hours posthe- 
matoma in the TP-H rats. At t=112 
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hours, when the CO excretion rates of 
S-H and TP-H rats approached that of 
the S-C rats, the weights of the groups 
were as follows: S-C, 32.6+1.4 g; S-H, 
34.3 +1.4 g; and TP-H, 29.7+1.1g. The 
recovery of the injected blood as CO 
was approximately 90% for the S-H 
rats and approximately 65% for the 
TP-H rats. 

The long-term effect of tin protopor- 
phyrin on hepatic heme oxygenase ac- 
tivity and plasma total bilirubin con- 
centrations was determined at t=112 
hours. As shown in the Table, hepatic 
heme oxygenase activities of the TP-H 
rats were significantly lower than 
those of the S-H and S-C rats (P<.05). 
Similar inhibition was found in the 
splenic heme oxygenase activities 
(data not shown). However, plasma 
bilirubin concentrations of all three 
groups were similar. 


COMMENT 


This study demonstrates the inhib- 
itory effect of a single prophylactic 
dose of tin protoporphyrin on the en- 
dogenous bilirubin formation rate as 
measured by CO excretion, confirming 
the earlier findings of Drummond and 
Kappas. The CO excretion rate 
of antibiotic-treated neonatal rats 
measured in a flow-through system 
was inhibited by approximately 18%, 
24 hours after a single injection of 
65 wmole/kg of tin protoporphyrin. 
The catabolism of an artificially cre- 
ated hematoma was inhibited by the 
prophylactic tin protoporphyrin treat- 
ment given 44 hours earlier. The in- 
crease in the rate of CO excretion from 
the breakdown of injected blood was 
delayed. These observations confirm 
those reported earlier by Milleville 
et al.” Using a re-breathing system, 
they demonstrated that in adult mice 
two doses of tin protoporphyrin 
(50 wmole/kg) inhibited the basal 
CO production rate by 30% and the 
catabolism of an exogenous heme load 
(120 nmole of hemin per kilogram, 
given intraperitoneally) to CO by 60% 
during an 18-hour study period. In the 
present study, the fraction of injected 
blood catabolized to CO over a similar 
18-hour period was also inhibited by 
60% in TP-H rats. Thus, tin protopor- 
phyrin can effectively lower the CO 
excretion rate in both neonatal rats 


AJDC—Vol 140, Feb 1986 


and adult mice with and without ex- 
ogenous heme loads. 

The present study, in which tin pro- 
toporphyrin has been shown to æm- 
porarily inhibit CO excretion, di-fers 
from our previous studies** only in 
that the aerobic bacterial colonization 
of the rats’ intestinal tracts was sub- 
stantially reduced by treatment with 
antibiotics. Antibiotics may have some 
effects on hepatic heme oxygenas= ac- 
tivity in the treated rats. However, 
heme oxygenase activities of the rats 
in this study are similar to those deter- 
mined in the previous study.” When 
heme catabolism is inhibited by tin 
protoporphyrin in the adult rat, the 
biliary excretion of heme is increased 
with a concomitant decrease in excre- 
tion of bilirubin.“ Thus, a possible 
explanation for the difference ir our 
present and previous findings is that 
when heme is not degraded in the 
neonatal rats, itis excreted via the bile 
duct into the intestine, where -t is 
subsequently degraded by enteric bac- 
teria to yield equimolar amounts of 
CO. This process might not yield bili- 
rubin. Thus, under certain conditions, 
such as when the catabolic capacity of 
the endogenous heme oxygenase sys- 
tem is inhibited or exceeded, totel CO 
production might have both endoge- 
nous and exogenous components. 

At the conclusion of the study, when 
the catabolism of the exogenous heme 
load neared completion, the hepatic 
and splenic heme oxygenase activities 
of the TP-H rats were still significantly 
lower than those of the S-C and S-H 
rats. This finding of prolonged tin pro- 
toporphyrin inhibition of heme oxy- 
genase activity is consistent with 
those previously reported.’*** How- 
ever, it is noteworthy that the plasma 
total bilirubin concentration was not 
lower in the TP-H rats as compared 
with those of the S-C and 8-H rats. 
These observations are consistent 
with our earlier hypothesis that under 
normal conditions the capacity for 
heme catabolism by heme oxygenase 
exceeds the heme load. 

Our finding that the tin protopor- 
phyrin inhibition of the prehematoma 
and posthematoma CO excretion rates 
is only temporary suggests a tempo- 
rary increase in heme oxygenase activ- 
ity in response to elevated concentra- 


tions of degradable heme. Also, it has 
been shown that heme oxygenase ac- 
tivity within the skin is inducible by 
bruising and subcutaneous injection of 
blood, myoglobin, heme, and cobalt- 
heme.” Furthermore, since heme oxy- 
genase activities in macrophages, at 
the site of hematoma, and in tissues 
other than the liver and spleen were 
not examined, the effect of tin proto- 
porphyrin on these tissues is not 
known and they might contribute sig- 
nificantly to the rate of heme cata- 
bolism. These factors, along with the 
rapid plasma clearance of tin protopor- 
phyrin (half-life less than three 
hours)? might account for the subse- 
quent posthematoma rise in CO excre- 
tion observed in the TP-H rats. 

This study demonstrates that tin 
protoporphyrin is an effective in vivo 
inhibitor of endogenous bilirubin for- 
mation as measured by the CO excre- 
tion rate in antibiotic-treated neonatal 
rats with and without artificially cre- 
ated hematomas. 


This study was supported in part by a grant 
RR-00081 from the General Clinical Research 
Centers Program of the Division of Research 
Resources, National Institutes of Health; and by 
the Mead Johnson Nutritional Division and the 
Christopher Taylor Harrison Research Fund. 
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Book Review 


Practical Pediatric Therapy, edited by Heinz F. Eichenwald and Josef 
Ströder, 1,169 pp, with illus, Deerfield Beach, Fla, VCH Publishers, 1985. 


This is a large and major textbook devoted to the therapy 
for pediatric disorders. Considering its length and scope, it 
is fair to say that Practical Pediatric Therapy is likely the 
most comprehensive text of this kind currently available. 
Its lead author, Heinz Eichenwald, is well known to Ameri- 
can pediatricians, but who is Josef Ströder? He is director 
emeritus of the Universitäts Kinderklinik in Würtzburg, 
West Germany. From both sides of the Atlantic, these two 
have collaborated in editing a truly internationally authored 
and published text in both the United States and West 
Germany. Its authors, numbering about a hundred, have 
been selected so that there is transatlantic representation 
for each chapter. Thus, the lead authors of each chapter in 
the US edition are Americans. Such an international pro- 
duction may be a first and is a tribute to modern rapid 
communication and Comsat. 

The acknowledged thrust of this text is, of course, 
therapy. The editors assume that the user has already come 
to a decision on the diagnosis of his patient and is looking for 
information on treatment. The subject matter of all the 
book’s topies is handled in a uniform manner: pathophys- 
iology and etiology first, then treatment in its broadest 
sense, followed by prognosis and prevention, as is appropri- 
ate to each subject. The editors explain that an understand- 
ing of etiology and pathophysiology is essential in the use of 
treatment modalities, and that these aspects must be 
included. In many subjects, treatment is described in its 
general aspects and also in more specific terms. Complica- 
tions of therapy are frequently listed and described. Ca- 
veats and warnings about procedures “contraindicated or of 
unproven value” and “unwarranted and unnecessary mea- 
sures” are frequently introduced following described treat- 
ments to guide the unwary who might be tempted to stray. 
For the most part, headings are grouped and taken up in 
diagnostic clusters, but there are chapters couched in more 
general terms as “treatment of symptoms,” “parenteral 
alimentation,” and “fluid and electrolyte therapy.” The 
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chapter on the general principles of antimicrobial therapy (a 
big interest of Eichenwald’s) is very complete and detailed. 
This general discussion is most useful and could be profit- 
ably done with other drugs, such as steroids, antiparasitic 
drugs, and asthma and hay fever medications. The inclusion 
of the therapy for leukemia and solid tumors seems well 
justified and a useful addition. Coverage is not limited to 
purely medical conditions, as one finds sections on pediatric 
orthopedics, pediatric surgery, neurosurgery, and behavior 
disorders. 

In reference to large, general texts of this sort, the 
question is often raised whether to include passé diseases 
and the rare and exotic ones that most of us never encoun- 
ter: diphtheria, tetanus, rat-bite fever, pinta, and yaws, for 
example. Given the amount of international travel and 
population exchange and the wide dissemination of text- 
books around the world (this one in two languages), doing so 
seems fully justified. 

There are hundreds of tables here. Up-to-date references 
are appended at the end of each chapter to flesh out details 
that one might seek. The index is appropriate and easy to 
use. In such a large text, one always finds a few choice new 
terms such as a “parulis” (which is a gum boil), which may 
result in a “Turner tooth” (one with enamel hypoplasia). I 
found some drug names hitherto unknown to me, such as 
Zentropil (phenytoin) and Tasmaderm (motretinide), which 
I suspect were transatlantic transplants from the German 
edition. 

How would this text best be used, and who would most 
desire to have it on the shelf? It is surely a useful addition to 
the hospital environment, the house staff library. World- 
wide, there should be a call for it. The practicing pediatri- 
cian who no longer does much complicated hospital care 
would be far better equipped to follow his patients receiving 
complicated treatment and be a good bit smarter when he 
speaks to his consultants. 

JAMES SAYRE, MD 
909 W Main St 
Rochester, NY 14611 
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Early Suckling and 


Prolonged Breast-feeding 


Paul M. Taylor, MD; Judith A. Maloni, RN, MN; David R. Brown, MD 


e We determined the duration of 
breast-feeding for 362 full-term infants 
of middle- and upper-class mothers. The 
median duration of breast-feeding was 
five months for infants whose mothers 
elected to postpone physical contact 
(n=94), four months for infants whose 
mothers elected early physical contact 
but later suckling (n=82), and 8.5 
months for infants whose mothers 
elected to suckle during early contact 
(n=186). The rate of decline of breast- 
feeding was significantly slower for in- 
fants who were suckled early than for 
those who were first suckled later. The 
association between early suckling and 
prolonged breast-feeding was not af- 
fected by the infant’s gender or maternal 
parity. 

(AJDC 1986;140:151-154) 


arly weaning is associated with in- 
creased infant mortality, mor- 
bidity, and malnutrition in disadvan- 
taged populations in developing 
countries.’ The beneficial effects of 
prolonged breast-feeding are less 
striking in advantaged populations,’ 
yet sufficient to prompt the American 
Academy of Pediatrics to strongly rec- 
ommend breast-feeding for full-term 
infants.** It is thus important to iden- 
tify factors that are associated with 
prolonged breast-feeding. In an ear- 
lier study,’ in which mothers and first- 
born infants were randomly assigned 
to receive either extra early contact or 
regular (later) contact, we found a 
greater persistence of breast-feeding 
at two through five months for infants 
who were suckled during early contact 
than for those first suckled hours after 
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delivery. The present investigation 
was designed to determine whether 
suckling during early contact would be 
associated with prolonged breast- 
feeding in a large series, in which both 
the time of first prolonged contact with 
the infant and the time of first suckling 
were chosen by the mother. 


SUBJECTS AND METHODS 


Subjects who were enrolled in this study 
were delivered of infants at the Magee- 
Womens Hospital, Pittsburgh, between 
October 1981 and August 1982. Approx- 
imately two thirds of the private patients 
breast-fed their infants at that time. Dur- 
ing this period, it was routine to offer 
mothers extended physical contact with 
their newborn infants shortly after the pair 
arrived in the obstetrical recovery room. 
Contact generally began about 40 mirutes 
after delivery and usually lasted from 30 to 
60 minutes. Mothers were loosely gowned, 
and infants were presented to them loosely 
wrapped in a blanket so that skin-to-skin 
contact could be easily initiated. Mothers 
were asked by the recovery room nurse if 
they wished to suckle the infant during that 
period of early contact, and those who did 
were assisted if they wished. Infants whose 
mothers did not elect to hold them in the 
recovery room stayed in cribs by the head of 
the mother’s bed until placed in the 
mother’s arms for transfer to the postpar- 
tum floor. Privacy was provided for moth- 
ers who requested it by curtains drawn 
about their beds. All mother-infant pairs 
received either full rooming-in care or mod- 
ified rooming-in (family-centered) care post 
partum. Mothers on family-centered care 
units could have infants with them as much 
as they wished from 6 am to 11 pM. 

During the intake period the Magee- 
Womens Hospital offered delivery in a 
birthing room to healthy multiparas at full- 
term who had not experienced major eom- 
plications with prior deliveries. A single 
room was available on a first-come, first- 
served basis to women who had applied for 
this service in advance. Labor, delivery, 


and the early recovery period took place in 
the birthing room. Following transfer to 
the postpartum unit three to six hours after 
delivery, infants and mothers received the 
rooming-in care described above. 

Women who were breast-feeding were 
eligible for the study if they were under the 
care of practicing obstetricians and had 
delivered healthy singleton infants va- 
ginally without general anesthesia at or 
beyond 37 weeks’ gestation. The study was 
approved by the Magee-Womens Hospital’s 
Human Rights and Experimentation Com- 
mittee. Subjects agreed verbally to partici- 
pate in a long-term investigation of unspec- 
ified factors that affect breast-feeding and 
to respond to a questionnaire at six months. 
During the brief interview, we ascertained 
whether the mother held her infant while in 
the recovery room and when she first 
suckled the infant. Mothers fell into one of 
the following three groups: (1) regular con- 
tact (RC)—those who first held and 
suckled the infant after admission to the 
postpartum unit, (2) early contact (EC)— 
those who held the infant in the recovery 
room but first suckled the infant after 
admission to the postpartum floor, and (3) 
early contact plus suckling (ECS)—those 
who suckled the infant during early contact 
in the recovery room. 

When the infants were 6 months old, a 
questionnaire and a stamped, return-ad- 
dress envelope were mailed to the mothers. 
The questionnaire contained eight queries, 
most of which dealt with satisfaction with 
breast-feeding and perceived sources of 
support and encouragement but also in- 
cluded a question as to whether the infant 
had been completely weaned and, if so, at 
what age. Mothers who are breast-feeding 
at six months received questionnaires at 12 
months, and those nursing at 12 months 
received questionnaires at 18 months. 
Those still breast-feeding at 18 months 
were not contacted further. The 12- and 18- 
month questionnaires were modified to in- 
clude age-appropriate questions, such as 
the time of introduction of solid foods, but, 
again, contained the queries as to whether 
and, if so, when the infant or child had been 
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completely weaned. Mothers who had not 
returned the questionnaire within two 
weeks were contacted by phone to obtain 
the data. The duration of breast-feeding 
was defined as the age at which complete 
weaning occurred. 

The statistical significance of differences 
between rates of decrease of breast-feeding 
were analyzed by the nonparametric Life- 
Table Analysis method.*’ The x’ calcula- 
tions included Yates’ correction. 


RESULTS 


A total of 391 mothers agreed to 
participate. We were unable to contact 
29 mothers (7.4%), which resulted in a 
final study population of 362 women. 
Attrition rates were 13.8% (15 of 109 
subjects) for the RC group, 8.9% 
(eight of 90 subjects) for the EC group, 
and 3.1% (six of 192 subjects) for the 
ECS group. Attrition was significantly 
higher for RC than ECS subjects 
(x?=10.54, P<.005). The higher attri- 
tion for EC than ECS subjects was of 
borderline statistical significance 
(x?=3.18, .10>P>.05). 

Twelve of the mothers were black, 
two were Oriental, and the remainder 
were white. All were middle or upper 
class. Distribution of the study popula- 
tion by gender and birth order is pre- 
sented in the Table. The following 
similar proportions of each group of 
infants were male: RC, 56.4%; EC, 
54.9%; and ECS, 53.8%. There were 
fewer multiparas among RC mothers 
(55.3%) than among EC mothers 
(69.9%, x’=3.16, not significant) or 
ECS mothers (69.5, x? =5.21, P<.025). 
The mean time of first suckling was 
7.0+2.8 hours for RC infants, 
10.5+6.6 hours for EC infants, and 
approximately 45 minutes for ECS in- 
fants. 

Median durations of breast-feeding 
for study groups and significances of 
differences between rates of decrease 
in breast-feeding are given in the Ta- 
ble. For the total study population, the 
median duration of breast-feeding was 
8.5 months for the ECS group, four 
months for the EC group, and five 
months for the RC group. The rate of 
decrease in breast-feeding was signifi- 
cantly slower for ECS infants than for 
either EC or RC infants, while rates of 
decline were similar for EC and RC 
infants (Fig 1). The significantly slower 
decline in breast-feeding for ECS in- 
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Median Duration, 
mo (n)* 
Infant Group RC EC 
(n=362) 
-By birth order 
Firstborn 
(n= 123) 
=Secondborn 
(n=239) 
= Bygender 
M (n= 198) 
F (n= 164) 


ECS 


4 (42) 3 (25) 6.5 (56) 


5 (52) 5 (57) 9 (130) 
5 (53) 4 (45) 


6 (41) 5 (37) 9 (86) 





“5 (94) 4 (82) 8.5 (186) 


11.28 <.001 


8 (100) 


Significance of Different 
Rates of Decrease 


ECS vs ECS vs 
RC EC 


ooo ` 
x? P 


17.33 <.001 


10.19 <.01 4.13 <.05 .03 


5.61 <.025 57 
05<P<10 .65 NS _ 
<,001 2.36 


332. 
15.11 


11.96 <.001 
5.85 <.025 


*RC indicates regular contact; EC, extra contact without suckling; ECS, extra contact with suckling; 


and NS, not significant. 


fants held true when male and female 
infants and infants who were firstborn 
and those who were not were consid- 
ered separately. 

The median duration of breast-feed- 
ing was greater for infants of multi- 
parous mothers than for infants of pri- 
miparous mothers (by one month for 
RC subjects, by two months for EC 
subjects, and by 2.5 months for ECS 
subjects) and was also greater for 
female than for male infants (by one 
month in each experimental group). 
None of these between-group differ- 
ences were statistically significant. 

Infants who were suckled earliest 
tended to breast-feed longest in both 
the EC and RC groups. The inverse 
correlation between age of first suck- 
ling and duration of breast-feeding, 
although small, was statistically sig- 
nificant for EC infants (r= —.256, 
P<.01) and was of borderline signifi- 
cance for RC infants (r= —.151, 
.10>P>.05). 

The greatest monthly decline in 
breast-feeding occurred during the 
first month for RC infants and EC 
infants—15% and 23%, respectively — 
while the decrease for ECS infants, in 
contrast, was only 5% during that 
time. When decline curves were calcu- 
lated beginning with those infants who 
were nursing at age 1 month, the rate 
of decline remained significantly 
slower for ECS infants than for either 
RC infants (x? =12.32, P<.001) or EC 
infants (x’=6.49, P<.02). 

Fifteen of the 186 ECS infants were 


delivered in a birthing room. The rate 
of decline in breast-feeding for those 
infants was significantly slower 
(x?= 6.54, P<.02) than for the 171 ECS 
infants who were born in traditional 
delivery rooms (Fig 2). The median 
duration of breast-feeding was 14 
months for the former, as compared 
with eight months for the latter. 

Since the rate of decrease in breast- 
feeding was so slow for infants who 
were born in the birthing room, we 
analyzed the rates of decrease for 
early- and later-suckled infants, with 
the birthing room infants deleted from 
the ECS group. For the total study 
population, the rate of decline re- 
mained slower (P<.001) for ECS in- 
fants than for either RC or EC infants. 
Fourteen of the 15 mothers who were 
delivered of infants in the birthing 
room were multiparas. The median 
duration of breast-feeding for the 116 
ECS infants of multiparas who were 
born in regular delivery rooms was 
eight months as compared with nine 
months for the total group of 130 (Ta- 
ble). The rate of decrease in breast- 
feeding was significantly slower for 
these 116 ECS infants than for RC 
infants of multiparas (,*=7.94, 
P<.005). The rates of decline were not 
significantly different for these 116 
ECS infants than for EC infants of 
multiparas (x*=3.35, P =.10); the rate 
of decline had been significantly slower 
(P<.02) for the total group of 130 ECS 
infants (Table). 

Although the attrition of subjects 
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Fig 1.—Decline in breast-feeding for infants who suckled during 
early contact (dotted line, n= 186) and those who first suckled later, 
either with (dashed line, n= 82) or without (solid line, n=94) prior 
early contact. The group of infants who suckled early had a 
significantly slower rate of decline than either group of infants who 
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Fig 2.—Decline in breast-feeding for infants who suckled during 
early contact in a birthing room (solid line, n=15) and in the 
obstetrical recovery room (dotted line, n= 171). The rate of decline is 
significantly siower for those infants who were delivered in a birthing 
room. 


first suckled later. 


from the study was low, we were con- 
cerned that missing data might have 
biased the results in favor of finding a 
significantly greater persistence of 
breast-feeding for ECS infants. We 
considered a “worst case” possibility, 
in which ECS infants on whom data 
were lost were weaned relatively early 
and EC and RC infants on whom data 
were lost were weaned relatively late. 
We calculated the persistence of 
breast-feeding for suecessive months 
for the six ECS infants who were un- 
available for follow-up according to the 
faster rate of decline for RC infants 
and added those figures to the actual 
number of ECS infants who were 
breast-feeding on successive months. 
This resulted in a slightly more rapid 
decrease in breast-feeding for ECS 
infants. A similar calculation, in which 
the 15 RC infants on whom data were 
not collected were considered to have 
been weaned at the slower rate that 
was observed for ECS infants, re- 
sulted in a slightly slower decrease in 
breast-feeding for RC infants. This 
“worst case” adjustment yielded a de- 
crease in the x” value that was calcu- 
lated from the ECS and RC decline 
curves, yet the difference between the 
rates of decline remained significant at 
P less than .001. Following a similar 
manipulation of the ECS and EC de- 
cline curves, the significance of the 
difference between the curves also re- 
mained at the P less than .001 level. 
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COMMENT 

The present study demonstrates 
that a persistence of breast-feeding 
was associated with mothers who 
chose to suckle their infant early but 
not with women who chose 2arly 
mother-infant contact without suck- 
ling. In our earlier study,’ the per- 
sistence of breast-feeding was greater 
at two through five months for infants 
who were suckled during extra contact 
than for infants who had extra contact 
but were first suckled hours later, yet 
the rate of decline of breast-feeding 
was not significantly different for the 
two groups. Those results were looked 
on as preliminary, since the study pop- 
ulation was small and restricted to 
primiparas and their infants. More- 
over, the designs of the earlier study 
and the present study differ. In the 
earlier study, extra contact was as- 
signed randomly, while suckling dur- 
ing extra contact was at the mozher’s 
choice; in the present study, both the 
time of first contact with the infart and 
the time of first suckling were et the 
mother’s choice. 

The RC and ECS groups differed 
significantly in that the RC group had 
both a lower proportion of multiparas 
and higher attrition. This raises the 
possibility that the RC mothers were, 
on the average, younger and of lower 
socioeconomic status than the ECS 
mothers. Either factor could contrib- 
ute to a shorter duration of breast- 


feeding for RC infants. We do not have 
data on maternal age or information on 
which to determine socioeconomic sta- 
tus more precisely in this middle- and 
upper-class sample. The virtually 
identical proportions of multiparas in 
the EC and ECS groups that differed 
so greatly as to median duration of and 
rate of decline of breast-feeding sug- 
gest, however, that maternal age was 
not an important determinant of the 
duration of breast-feeding. 

The median duration of breast-feed- 
ing for infants of multiparous mothers, 
which was greater than that of infants 
of primiparous mothers in each experi- 
mental group, although not significant 
statistically, may suggest that previ- 
ous experience with breast-feeding is 
associated with prolonged breast- 
feeding. 

The association between early suck- 
ling and prolonged breast-feeding may 
partially account for discrepant re- 
ports on the relationship between ran- 
domly-assigned extra early contact 
and the persistence of breast-feeding. 
The persistence of breast-feeding was 
significantly greater for extra contact 
subjects in two*’ of the three*” studies 
in which all infants were suckled dur- 
ing extra contact and in only one of the 
seven studies in which it was known’ or 
likely””** (three studies) that not all 
infants were suckled early. 

Five previous retrospective reports 
have mentioned an association be- 
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tween the time of first suckling and the 
duration of breast-feeding. A survey 
that was conducted by the World 
Health Organization found a trend in 
both developing and developed coun- 
tries toward longer breast-feeding of 
infants who were first suckled before 
they were 12 hours old.” Another large 
survey from Great Britain” deter- 
mined that the persistence of breast- 
feeding at 2 weeks of age was 78% for 
infants who were suckled within four 
hours, as compared with 55% for those 
who were first suckled on the second 
day. Hally et al,” who studied a British 
population, stated that “the propor- 
tion persevering was higher among 
mothers who gave the first feeding 
shortly after delivery, fed on demand 
and gave few if any bottles.” Thus, it is 
not possible to conclude from their 
data that very early suckling alone was 
associated with a persistence of 
breast-feeding. In a sample of Nor- 
wegian infants, 69% of those who were 
suckled at birth were still being nursed 
at age 3 months, compared with 61% of 
those who were first suckled between 
birth and 6 hours of age and 47% for 
those who were first suckled after six 
hours.” Wright and Walker” found 
that prevalence rates of breast-feeding 
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during the first months were higher 
for British women who first suckled 
within 12 hours and highest for those 
who suckled within one hour of birth. 
Since the ages at which the first-born 
infants in their study were first fed 
were also significantly associated with 
both the mothers’ social class and edu- 
cational attainment, Walker and 
Wright caution that the association 
between the timing of the first feeding 
and the duration of breast-feeding is 
not a simple one. 

The association between early suck- 
ling and prolonged breast-feeding 
does not necessarily imply that early 
suckling causes the prolongation. We 
speculate that the commitment to 
breast-feeding that led certain moth- 
ers to decide to suckle early is an 
important factor in delayed weaning 
but lack data on the mothers’ interest 
in breast-feeding to test this possibil- 
ity. The significantly slower rate of 
decline of breast-feeding for infants 
who were delivered in a birthing room 
than for those who were delivered tra- 
ditionally is consistent with either 
early suckling or a strong commitment 
or, indeed, both of these factors’, caus- 
ing the prolongation of breast-feeding. 
Infants were put to the breast within 
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minutes of birth by mothers who deliv- 
ered in the birthing room, as compared 
with about 45 minutes of age by moth- 
ers who delivered in the traditional 
setting. On the other hand, women 
who elect to deliver in a birthing room 
are generally considered to be more 
committed to the type of childbirth 
experience that includes suckling very 
shortly after delivery. Thus, at least 
two factors that may contribute to 
prolonged breast-feeding are exagger- 
ated for women who deliver in a birth- 
ing room. The inverse correlation be- 
tween age at the first suckling and the 
duration of breast-feeding for infants 
who were first suckled in the postpar- 
tum unit can likewise be taken as ten- 
tative support for either or both of the 
factors. 

The ability to generalize these find- 
ings remains to be determined. If the 
association between early suckling and 
prolonged breast-feeding holds for 
disadvantaged populations, it could 
conceivably be exploited to improve 
the health of underprivileged infants. 
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Russell-Silver Syndrome 


and Hypopituitarism 


Patient Report and Literature Review 


Suzanne B. Cassidy, MD; Ofra Blonder, MD; Vivian W. Courtney, MS; Susan K. Ratzan, MD; Dennis E. Carey, MD 


è Russell-Silver syndrome (RSS) is a 
sporadic form of prenatal onset dwarf- 
ism with typical facial features, variable 
asymmetry, and linear growth 3 to 4 SDs 
below the mean. Endocrinologic studies 
are usually normal; however, six cases of 
RSS with growth hormone deficiency 
have been reported, three of which had 
additional pituitary abnormalities. We 
describe another case, a 7-year-old girl 
with RSS and deficiencies of growth hor- 
mone, corticotropin, and thyroid-stimu- 
lating hormone. Replacement therapy 
including growth hormone resulted in an 
improved growth velocity, though twice 
the usual dose of growth hormone was 
required and short stature persisted. 
Since growth hormone secretion is usu- 
ally normal in RSS, the existence of indi- 
viduals with RSS phenotype and hypo- 
pituitarism including growth hormone 
deficiency suggests etiologic hetero- 
geneity. We recommend that those indi- 
viduals with RSS phenotype and a con- 
tinuous significant decline in height 
velocity be investigated for pituitary ab- 
normalities. Unusually high replace- 
ment doses of growth hormone may be 
required to overcome deficiency. 

(AJDC 1986;140:155-159) 


JRessell-Silver syndrome (RSS) is a 

nongenetic form of primordial 
dwarfism of unknown etiology charac- 
terized by prenatal and postnatal 
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growth retardation; small, triangular 
facies; high forehead with frontal boss- 
ing; downward turning mouth; hypo- 
plastic mandible; short, incurved fifth 
fingers; and in some cases, facial or 
limb asymmetry. A number of cther 
clinical findings have occasionally been 
reported in association with RSS, in- 
cluding sexual ambiguity,’’ isolated 
growth hormone deficiency,*® and 
idiopathic panhypopituitarism.*” 

We report the presence of idiopathic 
panhypopituitarism in a 7-year-old girl 
with RSS and review the six previ- 
ously reported cases of pituitary insuf- 
ficiency in patients with this diag- 
nosis. The relationship between the 
two entities, as well as the probable 
heterogeneity in the etiology of RSS, 
are discussed herein. 


PATIENT REPORT 


The patient was born at 36 weeks’ gesta- 
tion after a pregnancy complicated by va- 
ginal bleeding for the first seven months. 
Her birth weight was 1,980 g and her length 
was 40.5cm. Except for prolonged neenatal 
jaundice and a weak sucking ability ini- 
tially, her neonatal course was uncompli- 
cated. There was no symptomatic hypo- 
glycemia. She had a triangular face very 
large forehead, narrow palpebral fissures, 
and small, downward curving mouth, but 
no asymmetry. Cranial computed tomogra- 
phy performed at 8 months of age to rule 
out hydrocephalus was normal. She grew 
along the fifth percentile for lengtk until 
age 20 months when her growth velocity 
decreased (Fig 1). Her weight was main- 
tained below but parallel to the fiftn per- 
centile until age 12 months when her weight 
gain slowed dramatically. Her head circum- 
ference grew normally along the fifth per- 
centile. She manifested early develop- 
mental delays. 

At 2 years of age she was found to 


be hypoglycemic (blood glucose level, 
22 mg/dL). During a controlled fast her 
blood glucose level decreased to 39 mg/dL; 
other values included serum growth 
hormone level, 1 ng/mL (normal value, 
=7 ng/mL); plasma insulin concentration, 
6 mU/L (normal value, <12 mU/L); and 
serum cortisol level, 28 mg/dL (normal 
value, >15 yg/dL). Although there ap- 
peared to be an adequate cortisol response 
to hypoglycemia and to cosyntropin acetate 
(42 g/dL), the 1l-desoxycortisol response 
to metyrapone (3.3 g/dL) was inadequate 
(normal value, >7 g/dL). Provocative test- 
ing of growth hormone secretion was per- 
formed because of her drop-off in growth 
rate and because of elicited peak levels of 1 
and 3 ng/mL following levodopa and argi- 
nine therapy, respectively. Her initial thy- 
roxine and thyroid-stimulating hormone 
values were 7 mg/dL (normal value, 4.9 to 
10.6 g/dL) and 6.8 mIU/L (normal value, 
<6.6 mIU/L), respectively, but her thyrox- 
ine level subsequently fell to 4.5 wg/dL and 
her thyroid-stimulating hormone to less 
than 2 mIU/L prior to any hormone ther- 
apy. Her bone age at 2 years of chronologic 
age was that of a 3-month-old child. Her 
skull roentgenograms showed a normal 
sella turcica. She had normal 46,XX meta- 
phase chromosomes. 

Oral drug therapy consisting of levo- 
thyroxine sodium, 50 yg/day, and pred- 
nisone, 0.5 mg given twice daily, was 
started. Her growth continued to fall fur- 
ther away from the normal curve for length 
and weight, with the length velocity being 
only 3.5 cm/yr during the 12 months prior to 
treatment with human growth hormone. At 
3 years of age, therapy with human growth 
hormone supplied by the National Hor- 
mone and Pituitary Program, Baltimore, 
was instituted. Her growth velocity data 
are shown in Fig 2. For the first two years of 
therapy her human growth hormone dose 
was 0.1 units/kg, given intramuscularly 
three times a week, and her linear growth 
velocity averaged 4.1 cm/yr, a rate only 
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slightly greater than the pretreatment ve- 
locity. The dose of human growth hormone 
was doubled for the third year and a half of 
therapy and the growth velocity acceler- 
ated to 6.4 em/yr, which is greater than the 
mean for girls between ages 5 to 6 years. 
The dose had to be reduced to 0.1 units/kg 
per injection for three months during her 
sixth year of life because of a supply short- 
age, and on the reduced dose there was no 
increment in height. During the 15 months 
following reinstitution of the double dose, 
her growth velocity was 5.3 em/yr. 

At age 5% years she had a medical genet- 
ics evaluation because of her developmental 
delay, dysmorphic features, and lack of 
expected catch-up growth on human growth 
hormone therapy. Family history was non- 
contributory. Examination revealed a slim, 
short girl with a characteristic triangular 
face and small facial features, very large 
forehead, frontal bossing, and marked ma- 
lar hypoplasia. Her sclerae were slightly 
blue, her mouth was downward curving, 
and she had slight facial asymmetry, but no 
limb asymmetry. She had bilateral brachy- 
clinodactyly of the fifth fingers and mild 
syndactyly of the first and second toes. On 
the basis of the history, physical findings, 
and hormonal studies, a diagnosis of RSS and 
associated panhypopituitarism was made. 

At 6% years of age, she was functioning 
developmentally at a 3- to 3%-year level; 
her height was at the 50th percentile for a 3- 
Fig 1.—Linear growth for girls from birth to 36 months of age. Note initial normal velocity, with year-old child, her weight at the 50th per- 
deceleration starting at 20 months. centile for a 2-year 2-month-old child, and 
her head circumference at the fifth percen- 
tile for age. At chronologic age 7 years, her 
bone age was 2% years and her height was 
98.4 em. At chronologic age 8 years her 
height was 103.8 cm. 


COMMENT 


In 1953 Silver et al? reported two 
children, a boy and a girl, with congen- 
ital hemihypertrophy, short stature, 
and elevated levels of urinary gonado- 
tropins in the absence of any other 
endocrinologic abnormalities. Inde- 
pendently in 1954, Russell” described 
five patients with low birth weight and 
short stature despite a full-term preg- 
nancy; triangular facies with a wide 
biparietal diameter; high forehead 
with bossing (“pseudohydrocepha- 
lus”); hypoplastic mandible; downward 
turning mouth; and short, incurved 
fifth fingers. There was limb asymme- 
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Fig 2.—Growth velocity prior to (white bar) and 
during human growth hormone therapy at 
0.1 units/kg/dose (cross-hatched bars) and 
0.2 units/kg/dose (black bars). Normal curves 
are adapted from Tanner and Whitehouse.’ 
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1 
(Eeckels et al?) 


Sex 


Chronologic 
age, yr/mo 


Gestational 
age, wk 


Birth weight, kg 
Birth height, cm 


Growth pattern 
Weight 


Height 
Bone age, yr/mo 


Developmental + 
delay 


Miscellaneous Choroidal 


colobomas 


Facies 
“Pseudohydro- + 
cephalus” 


Triangular face + 
Frontal bossing 

Anteverted nose 

“Shark” mouth 


High-arched 
palate 


Extremities 
Clinodactyly, 
fifth digit 


Brachydactyly, 
fifth digit 
Syndactyly 


Asymmetry 
Face 


Limbs 
Kyphoscoliosis 


Genitalia 
Cryptorchidism 


Hypospadias 
Microphallus 


Skin 
Café au lait 


Hemangioma 


Patient No. (Source) 


2 3 4 
(O’Brien et al‘) 


(Nishi et al5) (Draznin et al'*) 


Craniopharyn- 
gioma 


*Plus indicates an abnormal finding; minus, a normal finding. 


+Patient was born full-term. 


tAvailable data for this patient were given in percentages. 


try in two patients. Because of a lack 
of other differences, those cases with 
and without asymmetry have subse- 
quently been included together under 
the name Russell-Silver syndrome 
(RSS). In 1975 Tanner et al” studied 
the natural history of this disorder in 
39 individuals who presented with the 
characteristic physical findings of RSS 
without abnormalities of chro- 
mosomal, endocrinologic, metabolic, 
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skeletal, or psychiatric function that 
could account for the short stature. 
Those authors found that intelligence 
is usually but not always normal; 
asymmetry occurs in about 50% of 
patients; sexual development is gener- 
ally normal; and growth rate is below 
but parallel to the normal growth 
curve, usually 3 to 4 SDs below the 
mean. Bone age is delayed, but by 
adolescence it is within six months of 


(St6gmann et al’) 


5 
(Hall6) 


Delayed 


Seizures 





the chronologic age. Head circum- 
ference is more than 2 SDs below the 
mean for one third to one half of pa- 
tients. 

Occasional instances of endocrino- 
logic abnormalities have been reported 
in patients with RSS. The initial pa- 
tients of Silver et al had elevated 
levels of urinary gonadotropins, and 
this finding was confirmed in other 
studies.”” All of the patients initially 
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1 
(Eeckels et al?) 


Hypoglycemia 
Peak growth 
hormone level, 
ng/mL 
Insulin 
Levodopa 
Arginine 
Glucagon 
Thyroid axis 
Thyroxine 
TSH: Basal 
TSH: TRH test 
Adrenal axis 


Insulin 
(cortisol) 
Metyrapone 
(11-desoxycortisol) 
Gonadal axis 


LH/FSH: 
Post-—LH-RH 


2 
(O’Brien et al‘) 


Patient No. (Source) 


3 4 
(Nishi et al) (Draznin et al'*) 


Decreased 


Equivocal 


ae 


5 
(St6gmann et al’) 


Decreased 


Decreased 


Decreased 


6 7 
(Hall®) (Present Study) 


Deficient 


0.8 


Deficient Decreased 


Low 


Decreased 


Deficient -tł 
—fT —f Decreased 


Deficient} 





*TSH indicates thyroid-stimulating hormone; TRH, thyrotropin releasing hormone; LH, luteinizing hormone; FSH, follicle-stimulating hormone; LH-RH, 
luteinizing hormone releasing hormone; plus, abnormal finding; and minus, normal findings. 


tStated to be normal but no data were given. 


Stated to be abnormal but no data were given. 


tested had normal insulin-stimulated 
or unstimulated growth hormone lev- 
els.” In 1970 Eeckels et al? reported 
the first patient with RSS considered 
to have growth hormone deficiency 
(only one definitive provocative test of 
growth hormone secretion was done). 
Since that time five additional patients 
have been reported to have pituitary 
insufficiency.**” Three of these six pa- 
tients had isolated growth hormone 
deficiency,*> two patients had 
idiopathic panhypopituitarism,°’ and 
another patient had panhypopitui- 
tarism associated with a craniopha- 
ryngioma.” Our patient constitutes 
the fourth case of RSS and panhypopi- 
tuitarism and the third case involving 
idiopathic panhypopituitarism. 

The clinical findings seen in these 
seven patients are characteristic for 
RSS (Table 1). There were five boys 
and two girls. All were small for dates 
at birth and all failed to catch up, with 
subsequent heights 4 to 6 SDs below 
the mean for age. All but patient 1 had 
significantly delayed bone age. Three 
patients (patients 1, 4, and 7) had de- 
velopmental delay. One of the patients 
had seizures in association with hypo- 
glycemia (patient 6), and another one 
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(patient 1) had bilateral choroidal col- 
obomas. Five of the seven patients had 
facial or limb asymmetry. In addition, 
four of the five boys had microphallus 
and three of the five boys had crypt- 
orchidism. 

Hormonal data (Table 2) from the 
seven patients show that four patients 
had hypoglycemia (patients 1, 4, 6, and 
7). All patients had inadequate secre- 
tion of growth hormone in response to 
provocative testing. Thyroid function 
was abnormal in patients 4, 5, and 6 
and in our patient, and the integrity of 
the corticotropin-adrenal axis was re- 
ported to be abnormal or equivocal in 
those cases. In patient 4 the serum 
cortisol level increased from 4.7 to 
10.2 g/dL following insulin infusion. 
In patient 5 the basal cortisol level was 
2.3 pg/dL, and for patient 6 it was 
stated only that hypoadrenalism was 
present. Our patient had a definite in- 
crease in the level of serum cortisol fol- 
lowing induced hypoglycemia, but she 
had an inadequate 11-desoxycortisol 
response to metyrapone. For this lat- 
ter reason, and because she appeared 
to become inappropriately ill with in- 
tercurrent upper respiratory tract in- 
fections, the patient was considered to 


have an abnormal corticotropin-adre- 
nal axis and was maintained on gluco- 
corticoid therapy. The hypothalamic- 
pituitary gonadal axis was evaluated in 
only three patients. Luteinizing hor- 
mone/follicle-stimulating hormone re- 
sponse to gonadotropin-releasing fac- 
tor was absent in patient 5 and judged 
to be adequate in patient 3. Basal 
levels of follicle-stimulating hormone 
(6 mIU/mL) and luteinizing hormone 
(5 mIU/mL) were considered to be 
consistent with “apparent hypo- 
gonadism” in patient 6. Patients 5 and 
6 were male and had cryptorchidism 
and microphallus. Patient 4, who had 
the craniopharyngioma, also had mi- 
crophallus, but gonadotropin levels 
were not tested. Basal and stimulated 
gonadotropin levels have not been ob- 
tained in our patient since both sets of 
values are normally suppressed in mid- 
childhood, and hypogonadism thus 
cannot be readily documented in this 
age group.” The presence of hypo- 
gonadism cannot be inferred from 
clinical findings in this young girl, as it 
was in the male patients. 

Information regarding the linear 
growth response to exogenous human 
growth hormone was included in only 
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three of the previous six cases. Patient 
2, a 6%-year-old boy with isolated 
growth hormone deficiency, grew 7.2 cm 
during the first year of human growth 
hormone therapy (3 units/wk) and at a 
rate of 5.0 cm/yr during the subse- 
quent 14 months. Patient 6, a 5-year- 
old girl with isolated growth hormone 
deficiency, grew 2.4 cm in three months 
of therapy (8 units/wk). Patient 4, a 
9-month-old boy with idiopathic pan- 
hypopituitarism, was described as ex- 
hibiting “positive catch-up” and “grow- 
ing parallel to but just below the third 
percentile” for an unspecified length of 
time. Our patient exhibited only a 
slightly improved growth rate on the 
human growth hormone dose recom- 
mended by the National Hormone and 
Pituitary Program. However, adminis- 
tration of twice the recommended dose 
resulted in normal growth for age, and 
this growth velocity was maintained 
only on the higher dose. To our knowl- 
edge this unusual finding has not been 
previously reported. 

The aforementioned data indicate 
that there might be a variable re- 
sponse to human growth hormone 
therapy in growth-hormone-deficient 
patients with RSS. Growth accelera- 
tion with a limited catch-up response 
might occur in some patients, while 
others might simply exhibit a growth 
pattern parallel to but significantly 
below the normal range. Still other 
patients might require high-dose hu- 
man growth hormone therapy to attain 
a normal growth velocity. In any case, 
growth hormone therapy does not ap- 
pear to overcome the intrinsic short 
stature that is characteristic of RSS. 

Heterogeneity in the etiology of 
RSS has been suggested by a number 
of authors and appears to be further 
supported by the existence of a group 
of patients with “typical” RSS in con- 
junction with pituitary insufficiency. 
Saal et al conducted a long-term fol- 
low-up of 15 individuals who had been 
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diagnosed phenotypically as having 
RSS, and the authors found that the 
natural history of these patients 
showed far more variation than that of 
patients studied by Tanner et al” and 
Angehrn et al.” Of their patients, 
slightly more than half exhibited the 
growth patterns described by Tanner 
et al,” but another third showed con- 
siderable catch-up growth between 
the fourth and eighth years, bringing 
them between the fifth and 25th per- 
centile for age. Two patients had sub- 
normal growth velocity; endo- 
crinologic studies were not described. 
Those authors found no correlation 
between growth pattern and asymme- 
try, developmental delay, or micro- 
cephaly. They felt that the current 
diagnostic criteria used for RSS did 
not allow accurate prognostication 
concerning growth and development. 

The present study of the third pa- 
tient with the clinical features of RSS 
and idiopathic panhypopituitar-:sm, 
who is also the seventh reported pa- 
tient with growth hormone deficiency, 
lends further evidence to the existence 
of etiologic heterogeneity and prog- 
nostic variability in this disorder. It 
suggests that close follow-up of pa- 
tients with the RSS phenotype, in- 
cluding careful growth and height ve- 
locity data, may allow detection of 
those individuals who have growth 
hormone or other pituitary deficien- 
cies. Furthermore, our experience 
suggests that doses of growth hor- 
mone greater than the commonly rec- 
ommended dose of 0.3 units/kg/wk 
might be necessary to promote linear 
growth acceleration in children with 
the dual diagnosis of RSS and growth 
hormone deficiency. 


We thank S. Raiti, MD, of the National Hor- 
mone and Pituitary Program, Baltimore, for the 
gift of human growth hormone used for our 
patient. We also thank Irene Williams and Lor- 
raine Fox for assistance with the preparation of 
this manuscript. 
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Special Features 


Radiological Case of the Month 


Ą male infant with a birth weight of 

2,550 g, was born by spontaneous 
vaginal delivery at 36 weeks gestation 
following an uneventful pregnancy. 
Apgar scores were 5 and 8 at one and 
five minutes, respectively. Idiopathic 
respiratory distress syndrome devel- 
oped in the patient, and he required 
intubation and mechanical ventilation 
from 6 hours of age. A chest roent- 
genogram was done (Fig 1). At 4 days 
of age, ventilatory requirements in- 
creased: with a forced inspiratory oxy- 
gen of 0.85 and ventilation at 60 
breaths per minute with inspiratory 
and expiratory pressures of 20 and 
3 cm H,O, respectively. A repeated 
chest roentgenogram was obtained 
(Fig 2). Selective intubation of the 
right main bronchus was performed 
using a size 3.0-noncuffed endo- 
tracheal tube. Within two hours of 
selective intubation of the right main 
bronchus, the forced inspiratory oxy- 
gen requirement had fallen to 0.55, 
and ventilation pressures were subse- 
quently reduced. Twenty-four hours 
later a chest roentgenogram (Fig 3) 
showed overinflation of the left lung 
with right upper lobe atelectasis. The 
endotracheal tube was repositioned to 
above the carina, and 12 hours later the 
infant was extubated and placed in an 
incubator with 28% head box oxygen 
(Fig 4). Subsequent progress was 
rapid and the infant was discharged at 
3 weeks of age. 
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Figure 3. Figure 4. 
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Denouement and Discussion 


Unilateral Pulmonary Interstitial Emphysema 
and Selective Bronchial Intubation 


Fig 1.—Chest roentgenogram on admission shows left-sided pneu- 


mothorax. 


Fig 2.—Chest roentgenogram four days later shows unilateral 
interstitial pulmonary emphysema decreased, but residual pneu- 
mothorax and two chest tubes in place. 


Fig 3.—Chest roentgenogram taken 24 hours after roentgenogram 
in Fig 2 shows overinflation of left lung with right upper lobe 


atelectasis. 


Fig 4.—Chest roentgenogram taken 12 hours after roentgenogram 
in Fig 3, shows normal chest. 


Pulmonary interstitial emphysema 
in the neonate may occur spontane- 
ously with idiopathic respiratory dis- 
tress syndrome or, more commonly, as 
a complication of intermittent positive 
pressure ventilation. Its association 
with the use of high-peak ventilatory 
pressures and incorrect positioning of 
the endotracheal tube down one main 
bronchus imply that barotrauma may 
be a causative factor.’ 

It has been suggested that the 
roentgenographic appearances repre- 
sent free air dissecting along 
peribronchial and perivascular spaces 
from ruptured alveoli.’ More recently, 
however, Wood et al have demon- 
strated that the interstitial air lies 
within dilated lymphatics of the in- 
terlobular septae and visceral pleura. 

The development of pulmonary in- 
terstitial emphysema leads to marked 
respiratory embarrassment in an al- 
ready compromised infant secondary 
to ventilation/perfusion imbalance and 
resultant hypoxia. Pneumothorax and 
pneumomediastinum are also not in- 
frequent complications. In the case of 


unilateral disease, overdistention of 
the affected lung may cause medi- 
astinal shift and compression of the 
nonaffected contralateral lung, with 
further aggravation of respiratory sta- 
tus. 

Management of severe localized pul- 
monary interstitial emphysema by se- 
lective intubation of a main bronchus 
was first described in 1977* as an alter- 
native to operative removal of the af- 
fected lung. The aims of this method of 
treatment are twofold: first, to occlude 
the main bronchus of the affected lung, 
thereby preventing further distention 
and allowing resorption of interstitial 
air, and, second, to effectively venti- 
late the noninvolved lung. Indications 
for selective intubation in this condi- 
tion are severe hyperinflation of the 
emphysematous lung, mediastinal 
shift, compression atelectasis of the 
opposite lung, and respiratory acido- 
sis. 

Results of treatment of both right- 
and left-sided disease by this method 
have been reported,” though not al- 
ways with a successful outcome.’ Com- 


plications described include difficulty 
entering the left main bronchus, right 
upper lobe collapse when intubating 
the right side, and excessive secretion 
of mucus. 
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Denouement and Discussion 


Tailor Talar Bursa 


Fig 1.—Child sitting in classic cross-legged position with talar head pressed against floor, 


resulting in tailor talar bursa. 


Fig 2.—Tailor talar bursa, nontender fluctuant mass, located on dorsolateral aspect of foot. 


Fig 3.—Bursa over lateral malleolus caused by chronic irritation due to positioning. 


Manifestations 


The tailor talar bursa presents as a 
nontender fluctuant mass on the dor- 
solateral aspect of the proximal foot. It 
is usually situated just lateral to the 
extensor digitorum longus muscle and 
directly over the lateral aspect of the 
distal end of the talus. Frequently, it is 
covered with thickened and sometimes 
increasingly pigmented skin. 

Like all superficial bursae, the tailor 
talar bursa develops in response to 
chronic irritation. Children who pre- 
sent with these lesions habitually sit 
cross-legged, tailor fashion, with the 
talar head pressed against the floor. A 


less frequent occurrence is the devel- 
opment of thickened skin and a bursa 
over the lateral malleolus. 


Treatment 


Treatment consists of having the 
child change his sitting position; when 
the irritation ceases, the mass re- 
solves. Felt doughnuts can be worn 
over the bursa. The mass is sometimes 
mistaken for a neoplasm, which may 
lead to unnecessary alarm and biopsy. 
Usually, the parents can be reassured 
by demonstrating the relationship of 
the “tumor” to the sitting position of 
the child. 
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Subglottic Foreign Bodies in Pediatric Patients 


Brit B. Gay, Jr, MD; George O. Atkinson, MD; Theodora Vanderzalm, MD; 
J. Douglas Harmon, MD; Edward S. Porubsky, MD 


è Impacted subglottic foreign bodies 
may produce upper airway obstruction 
and clinical signs simulating croup or 
asthma. We identified the roentgeno- 
logic and clinical features in six patients. 
In four of these patients, the parent had 
not observed the aspiration episode, so 
that the diagnosis was delayed. Roent- 
genologic studies demonstrated sub- 
glottic narrowing of the upper airway 
with a homogeneous, poorly defined ra- 
diodensity within the narrowed seg- 
ment. These roentgenologic studies are 
usually diagnostic; therefore, if infants 
or young children present with stridor of 
undetermined cause, soft-tissue upper 
airway roentgenography is indicated. 

(AJDC 1986;140:165-168) 


oreign-body aspiration into the air- 

ways of infants and children is a 
hazardous and occasionally lethal 
event. The foreign object enters the 
esophagus more often than the respi- 
ratory tract.’ If an object lodges in the 
glottis and stimulates spasm, the pa- 
tient may die before aid is available. 
Fortunately, the foreign body more 
often passes into the bronchi, result- 
ing in unilateral obstructive emphy- 
sema. In only nine of 120 patients in 
one series of tracheobronchial foreign- 
body aspiration did the object impact 
in the subglottic area.” When the for- 
eign body impacts in this position, the 
resulting stridor may suggest the 
diagnosis of croup, particularly if the 
parent has no knowledge of the child’s 
aspiration episode. Though most pa- 
tients with croup have a benign course, 
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patients with a high tracheal foreign 
body may suffer severe airway 
obstruction and a fatal outcome.* 

Herein, we describe six patients 
with a variety of subglottic foreign 
bodies that produced clinical signs 
suggestive of croup or reactive airways 
disease (RAD). 


PATIENTS AND METHODS 


Six patients with foreign bodies im- 
pacted in the subglottic area were seen 
between January 1980 and December 1984 
in the Pediatric Radiology Department of 
the Medical College of Georgia, Augusta, 
and the Henrietta Egleston Hospital for 
Children, Atlanta. The clinical and roent- 
genologic records of these patients were 
reviewed retrospectively, and these data 
were tabulated. These findings are sunma- 
rized in Tables 1 and 2. 


PATIENT REPORTS 


PATIENT 1.—A 10%-month-old female in- 
fant had been well until five days before 
admission to Henrietta Egleston Hospital 
for Children, when she began to “breathe 
harder.” There was no history of aspiration. 
Wheezing respiration and coughing in- 
creased. She was seen in a local emergency 
room where a bronchodilator was given as 
an inhalation aerosol spray with some im- 
provement. On the day of admission to the 
hospital, she was seen by her pediatr-cian. 
Because of a history of atopic dermatitis, a 
family history of asthma, and continued 
wheezing clinically, RAD was suspected, 
and subcutaneous epinephrine hydrcchlo- 
ride was given without clinical response. 
The patient was then admitted to the Fospi- 
tal for inpatient management. 

Physical examination revealed an active 
toddler with no cyanosis, a temperature of 
36.3 °C, and a pulse rate of 156 beats per 
minute; respirations were 50/min. The 
positive physical signs included nasa. con- 
gestion, stridor, and noisy airway sounds, 
with bilateral inspiratory and expiratory 
wheezes and rhonchi, and substernal and 
supraclavicular retractions of the thorax. 
The remaining results of the physical ex- 
amination were normal. 


The initial clinical diagnosis was RAD 
with a component of croup. 

A chest roentgenogram was within nor- 
mal limits. A dense linear opacity 8 mm in 
length and believed to be an artifact was 
projected over the upper tracheal shadow 
in frontal projection but was not seen in 
lateral view. 

The patient was treated with broncho- 
dilating agents with only slight improve- 
ment during the next five days. At this 
time, better roentgenograms of the neck 
were obtained. Persistence of the dense 
opacity in the subglottic region associated 
with narrowing of the airway was seen (Fig 
1). Roentgenoscopy of the larynx confirmed 
the presence of a persistent opacity within 
the subglottic airway. Contrast studies of 
the pharynx and esophagus yielded normal 
results. 

With a diagnosis of subglottic foreign 
body, the patient was taken to the operat- 
ing room, where, with the patient under 
general anesthesia, endoscopy was per- 
formed. Three pieces of white eggshell-like 
material, each of which measured about 
2x3 mm, were found in the subglottic 
airway. These were extracted with alligator 
forceps. There was moderate edema of the 
tracheal lining in the subglottic area. 

The patient’s respiratory signs gradually 
cleared during the next three days, after 
which she was discharged from the hospi- 
tal. 

PATIENT 6.—A 10-month-old male infant 
was referred from an outside hospital after 
having been treated for six days for asthma 
with acute exacerbation and only minimal 
clinical response. The mother had noted 
severe wheezing with subcostal retractions 
in the patient 12 to 18 hours prior to admis- 
sion to the referring hospital. There was no 
history of a foreign-body aspiration. On 
admission to the Medical College of Georgia 
Hospital, respirations were 26/min, pulse 
rate was 120 beats per minute, and temper- 
ature was 37.6 °C. Physical examination 
revealed suprasternal retractions at rest, 
intercostal retractions on agitation, and a 
hoarse cry with inspiratory rhonchi and 
early expiratory wheezes. Roentgeno- 
grams (Fig 2) taken on the evening of 
admission showed subglottic narrowing of 
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-Table 1.—Clinical Findings 


Original 
Clinical 
Diagnosis 


Asthma 


Symptoms 
Patient No./ Before History of Clinical 
Age, mo/Sex Diagnosis, Days Aspiration Features 


1/1012/F Rapid 
respiration, 
wheezing, 
coughing 


Endoscopic 
Findings 


Type of 
Foreign Body 


Eggshell 


Initial Treatment 


Bronchodilators, 3 foreign-body 
epinephrine fragments 2 x 3 mm 
hydrochloride, each 
endoscopy 


Pinecone 
fragment 


Admitted to hospital Flat foreign body 


6 mm in diameter 


Wheezing, Croup or 


3/17/M 


6/10/M 


Patient No./ 
Age, mo/ Chest Neck Roentgenoscopic Findings 
Sex Roentgenograms Roentgenograms (Neck) 


stridor, 
cyanosis 


Choking, 
stridor, 
respiratory 
distress 


Cough, 
bloody 
sputum, 
wheezing, 
voice 
change 


Stridor, 
wheezing, 
respiratory 
distress 


Wheezing, 
retractions, 
hoarse cry 


epiglottitis 


Peanut 
aspiration, 


postoperative 


subglottic 
stenosis 


Possible 


foreign-body 


aspiration 


Asthma 


for endoscopy 


Endoscopy, later 
endotracheal tube, 
decadron, repeated 
endoscopy 


Admission for 
endoscopy 


Antibiotic 
steroids, 
inhalation 
treatment 


Epinephrine 
hydrochloride, 
endoscopy 


displaced into 
bronchus 


Peanut fragment from 
right bronchus; 
repeated endoscopy 
showed subglottic 
peanut fragment 


Foreign body under 
true vocal cord 


Foreign body in 
subglottic area 


Foreign body in 
subglottic area 


Peanut 
fragment 


Sandspur 
(from bur grass 
plant) 


Plastic part of 
ballpoint pen 
insert 


Sandspur 
(from bur grass 
plant) 





-Table 2.—Roentgenographic Findings 


the airway and a possible foreign body. 
During the evening after admission, the 
patient’s condition became worse, requir- 


1/102/F (11/6/84) Negative, (11/11/84) Persistent (11/11/84) Opaque foreign body l s ' ; 
artifact in upper linear opacity in subglottic trachea with ing treatment with epinephrine hydrochlo- 
trachea (?) 8x5x2 mm narrowing ride. Direct laryngoscopy was performed 
in subglottic the following morning. A sandspur 
trachea with nar- ; 
rowing of airway (prickle) from ë bur grass plant was re- 
sain Subgiott Phare: moved from the immediate subglottic area, 
ubglottic nspiratory . hae 
namdelag et f TEEPA dilatation of hypopharynx where it had lodged on the inferior surface 
minimal opacity in expiratory dilatation of charged the following day with no complica- 
narrowed area trachea, subglottic tions. 
stenosis of airway, opacity 
in stenotic area RESULTS 
3/17/M (7/17/80) (7/17/80) Negative, (7/28/80) Subglottic es 
Negative (7/27/80) 4-mm round narrowing and persistent The clinical features of the six pa- 
opacity in subglottic opacity in airway tients studied are summarized in Table 
oh fae? 1. Five of the six patients were be- 
4/7 yrlM 3-mm opacity in sub- tween 9 and 17 months of age. The 
£ 
glottic area with ‘ F 
narrowing of airway other patient was 7 years old. Five 
5/9/M Negative Dilated hypo- patients were male, and one was fe- 
pharynx, subglottic male. The interval between onset of 
vibes cra with symptoms and the eventual diagnosis 
| e . 
jen 4 a sei varied between four and seven days in 
6/10/M Negative Subglottic Minimal opacity five of the six patients and was 24 
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narrowing of airway, 
3-mm opacity in 
narrowed area 


in area of subglottic 
narrowing 


hours in the sixth patient. The aspira- 
tion episode was not known to the 
parents in four of the six patients. 
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The clinical symptoms were similar 
in all patients. Respiratory distress 
varied in severity. Cough, audible res- 
piratory wheezing, and stridor were 
present in all. Cyanosis occurred in 
one patient, and voice change was 
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Fig 1.—Patient 1. Top left, Frontal roentgenogram of neck. Persist- 


subglottic area. 


present in two ot the six patients. 

The initial clinical diagnosis was cor- 
rect in only two patients. The clinical 
diagnoses in the other patients were 
asthma (two patients) and croup (two 
patients). 


ent linear opacity 8 mm long and 2 mm wide is seen in narrowed 


Fig 2.—Patient 6. Top right, Lateral roentgenogram of neck. Note 
minimal opacity (arrow) in narrowed subglottic area with marked 
inspiratory dilatation of hypopharynx. 


Fig 3.—Patient 3. Left, Lateral roentgenogram of neck. Note 
4-mm rounded density (arrow) in subglottic airway. 


The roentgenologic features of the 
six patients studied are summarized in 
Table 2. Initial chest roentgenograms 
were considered normal in the four 
patients examined. In one of the pa- 
tients (patient 1), the foreign body (an 
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eggshell fragment) simulated a film 
artifact in the frontal chest roent- 
genogram and was not visible on the 
lateral view; both of these findings are 
common pitfalls in the roentgeno- 
graphic detection of eggshell foreign 
bodies lodged in the supraglottic or 
infraglottic locations.* Neck roent- 
genograms obtained later better dem- 
onstrated the foreign body in the sub- 
glottic airway. All of the patients 
showed subglottic narrowing of the 
airway, with a poorly defined radio- 
density varying in size within the nar- 
rowed segments (Fig 3). 

The final diagnosis was established 
by endoscopy, a procedure during 
which the foreign bodies were removed 
from the airway. In one patient (pa- 
tient 2), the foreign body (a pinecone 
fragment) was dislodged from the sub- 
glottic area into the right bronchus 
during endoscopy and was eventually 
removed from the right bronchus. In 
another patient (patient 3), peanut 
fragments were removed during endo- 
scopy, but symptoms recurred 12 
hours later. The subglottic narrowing 
was considered to be secondary to 
postoperative edema from earlier en- 
doscopy. An endotracheal tube re- 
lieved the symptoms, but the patient 
returned a third time with respiratory 
distress. At this time, a poorly defined 
opacity was seen in the area of the 
subglottic narrowing, and a persistent 
foreign body was suspected (Fig 3). 
Repeated endoscopy confirmed the 
presence of an impacted subglottic 
peanut fragment. 


COMMENT 


The majority of patients presenting 
with foreign-body aspiration are less 
than 3 years of age. In at least one 


third of these patients, the actual 
event of aspiration is not witnessed. In 
four of six of our patients, the parent 
had no knowledge of the aspiration 
episode. In the absence of a positive 
clinical history of aspiration, the diag- 
nosis of a foreign body in the upper 
airway may not be considered initially 
by the clinician.’ In our six patients, 
the diagnosis of foreign-body aspira- 
tion was made initially in only two. The 
other patients were initially consid- 
ered by clinical evaluation to have 
croup, asthma, or epiglottitis. A for- 
eign body in the upper airway in a 
young patient may produce symptoms 
that suggest other causes of airway 
obstruction, such as laryngomalacia, 
subglottic stenosis, juvenile papillo- 
matosis, or granuloma.* 
Roentgenograms of the airway, 
when finally obtained, were diagnostic 
in all six of our patients (Table 2). All 
showed narrowing of the subglottic 
airway, with a minimal opacity in the 
narrowed lumen. When plain roent- 
genograms were inconclusive, roent- 
genoscopy with rapid spot films of the 
upper airway were definitive. In addi- 
tion, the signs of upper airway ob- 
struction may be demonstrated with 
roentgenoscopy.° With inspiration, 
there was usually prominent overinfla- 
tion of the hypopharynx, with de- 
creased caliber of the trachea below 
the subglottic area. During expira- 
tion, the trachea usually became more 
distended, and the hypopharynx usu- 
ally collapsed. Metallic foreign bodies 
are obvious on routine cervical roent- 
genograms, but nonmetallic objects 
may be more difficult to visualize. In 
our patients, the foreign bodies were 
minimally radiopaque. The objects as- 
pirated were peanut fragments (one 
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patient), eggshell fragments’ (one pa- 
tient), a sandspur (prickle) from bur 
grass plant (two patients), a pinecone 
fragment (one patient), and a plastic 
part of a ballpoint pen insert (one 
patient). 

In conclusion, an impacted foreign 
body in the subglottic area should be 
considered in the differential diagnosis 
of croup, RAD, and upper airway ob- 
struction. Clinical symptoms of cough, 
audible respiratory wheezing, and 
stridor are usually present, and cyano- 
sis and voice change may be noted. The 
diagnosis of foreign-body aspiration is 
frequently delayed because of the ab- 
sence of a positive history of aspira- 
tion. Roentgenoscopy and roentgen- 
ologic studies of the airway are usually 
diagnostic and should be obtained in all 
young children presenting with stridor 
or respiratory wheezing, if the patient 
does not respond as expected to clini- 
cal management. 


The authors thank Mrs Annie Annis for her 
assistance in typing the manuscript. 
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Immunodeficiency Secondary to 
Structural Intestinal Defects 





Malrotation of the Small Bowel and Cavernous Hemangioma of the J ejunum 


William A. Fawcett IV, MD; George D. Ferry, MD; Linda J. Gorin, MD; 


Howard M. Rosenblatt, MD; Betty S. Brown, MS; William T. Shearer, MD, PhD 


è Two patients with gastrointestinal 
tract abnormalities were discovered to 
have significant defects in both humoral 
and cellular immunity. Patient 1, a 4-year- 
old girl with suspected food allergy, fail- 
ure to thrive, and chronic diarrhea, ex- 
hibited a decreased serum IgG immu- 
noglobulin level, decreased numbers of 
peripheral blood T lymphocytes (eryth- 
rocyte rosettes), decreased numbers of 
T-lymphocyte subpopulations (T,+, 
T,+), decreased responses of lympho- 
cytes to common mitogens, and absent 
in vivo responses to delayed hypersen- 
sitivity skin test antigens. Patient 2, a 3- 
year-old girl with chronic anemia, pre- 
sented with immunological abnormali- 
ties similar to those of patient 1. On 
investigation, both patients were found 
to have significant structural abnormali- 
ties of the gastrointestinal tract. Patient 1 
had a malrotation of the small bowel, 
while patient 2 had a cavernous heman- 
gioma of the mid-jejunum. Following 
surgical correction of the gastrointes- 
tinal abnormalities, there was improve- 
ment in all immunologic values. By ten to 
18 months after surgery, both patients 
demonstrated normal immunological 
function. Thus, anatomic lesions of the 
gastrointestinal tract that mimic more 
common childhood disorders, such as 
food allergy and anemia, may produce 
serious states of secondary immu- 
nodeficiency. 

(AJDC 1986;140:169-172) 
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any gastrointestinal tract abnor- 

malities such as gluten-induced 
enteropathy, jejunal abnormalities, 
and intestinal lymphangiectasia pro- 
duce states of secondary immunodefi- 
ciency.’ Protein-losing enteropathy 
due to several causes can produce a 
state of hypogammaglobulinemia and 
lymphopenia, resulting in recurrent 
infections. Both cutaneous anergy and 
diminished lymphocyte responses to 
mitogens in vitro have been docu- 
mented.’ In addition, milk allergy has 
been suggested as a cause of protein- 
losing enteropathy with resulting 
hypoalbuminemia, hypogammaglobu- 
linemia, and anemia.’ The treatment of 
the secondary immunodeficiencies due 
to gastrointestinal tract disorders is 
dependent on correction of the under- 
lying pathological condition. Herein, 
we describe two children who had ana- 
tomic abnormalities of the intestine 
that resulted in defects in both 
humoral and cellular immunity. One 
child’s correct diagnosis was deleyed 
because of a mistaken belief that her 
symptoms were due to food allergy. 
Surgical correction of the intestinal 
defects was followed by complete res- 
toration of immune function. 


PATIENTS AND METHODS 
Preparation of 
Mononuclear Cell Populations 


Signed informed consent was obtained on 
each patient on forms approved by the 
Institutional Review Boards for Human 
Research of the Baylor College of Medicine, 
Houston, and the Texas Children’s Hospi- 
tal, Houston. Blood was collected from 
patients and controls and mononuclear cells 
were isolated by Ficoll-Hypaque gradient 
separation.’ 


Determination of 
T- and B-Cell Populations 


T cells were enumerated by rosetting 
with sheep red blood cells according to the 
method of Wybran et al.‘ B cells were 
defined by the presence of surface immu- 
noglobulins (SIg+) using fluoresceinated 
goat F(ab’), polyvalent anti-human immu- 
noglobulin, as determined by the method of 
Greaves." 


Determination of 
Serum Immunoglobulin Levels 


Serum immunoglobulin levels (IgG, IgA, 
and IgM) were determined by kinetic im- 
munonephelometry. The serum IgE level 
was determined with an IgE radioimmuno- 
assay. 


Lymphocyte Transformation 
Studies 


Mononuclear cells were incubated in the 
presence and absence of mitogens (phyto- 
hemagglutinin, concanavalin A, and poke- 
weed mitogen) for 96 hours at 37 °C.° Dur- 
ing the last 18 hours of culture, tritiated 
thymidine was added to the cultures. 


Identification of 
Mononuclear Cell Phenotypes 
With Monoclonal Antibodies 


Mononuclear cells were analyzed for 
binding of various monoclonal antibodies by 
indirect immunofluorescence and flow 
cytometry.’ 


PATIENT REPORTS 


PATIENT 1.—This was a 4-year-old girl 
who, in early infancy, developed symptoms 
consisting of chest congestion, diarrhea, 
and vomiting. These symptoms persisted 
to the point that the child’s growth and 
development were severely affected. She 
was admitted to the hospital at approx- 
imately 3 months of age for evaluation. In 
spite of a vigorous search for infectious, 
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Serum immunoglobulins} 
IgG, mg/dL 
IgA, mg/dL 
IgM, mg/dL 
IgE, IU/mL 


Delayed-hypersensitivity 
skin tests 
Candida, 1:10 dilution 


Tetanus, 1:10 dilution 

Isohemagglutinin titers 

Anti-A 

Anti-B 
Absolute lymphocyte count, 

No. of cells/cu mm 
T cells (erythrocyte rosettes), % 
B cells (Slg + cells), % 


Mononuclear cell phenotypes, % 
T+ 


B, + 


M, + 


Lymphocyte reactivity|| 
Phytohemagglutinin, 10 pg/mL 


Concanavalin A, 10 pg/mL 
Pokeweed mitogen, 1:640 


Controlst 


431-1,037 
21-172 
50-240 

2-208 





*ND indicates not done; minus, negative; and plus, positive. 
tRanges represent the 95% confidence level for contro! values in at least 50 subjects tested in our 


laboratory. 


Immunoglobulin values in children 2 to 3 years of age. 


§Absent; patient was of blood group A. 


\\Counts per minute (x 10-3) of tritiated thymidine incorporated into DNA. 


metabolic, immunologic, and other causes, 
the initial investigation failed to identify 
the cause. In particular, the serum immu- 
noglobulin levels were within the normal 
range for age. A diagnosis of food allergy 
was entertained but never documented. 
Nevertheless, diet manipulation was at- 
tempted with soy formula and rice diet. No 
substantial benefit was derived from diet 
manipulation over the next two years. Diar- 
rhea was a continual problem. In addition, 
the patient began having frequent repeated 
ear infections, pneumonia, wheezing, and 
chest congestion. At 2% years of age, she 
was admitted to Texas Children’s Hospital 
with wheezing and pneumonia. Both a pul- 
monary evaluation and a roentgenographic 
barium-contrast examination of the 
stomach and small bowel were performed. 
The results were consistent with but not 
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diagnostic of celiac disease. The patient 
was placed on a gluten-free diet but her 
condition failed to improve. The result of a 
sweat test was normal. 

Approximately six months later, the pa- 
tient was rehospitalized with profuse, wa- 
tery, foul-smelling diarrhea. She had 
shown poor weight gain and growth. Dur- 
ing this evaluation, she was found to have a 
significant decrease in the serum concen- 
trations of carotene, total protein, and 
albumin. A small-bowel biopsy specimen 
demonstrated mild, chronic inflammation. 
At this point, quantitative serum immu- 
noglobulin levels were noted to be de- 
creased and delayed hypersensitivity skin 
tests (Candida antigen, 1:10; tetanus anti- 
gen, 1:10) were nonreactive (Table). The 
percentage distribution of peripheral blood 
T cells, as measured by erythrocyte (E) 


rosettes, was found to be depressed. Con- 
versely, the percentage distribution of 
B cells, as measured by SIg+ cells, was 
increased. Lymphocyte proliferations in 
response to mitogens were also depressed 
(Table). An analysis of mononuclear cell 
phenotypes was performed. There were 
significant decreases in percentage distri- 
butions of mature T lymphocytes as as- 
sessed by the presence of the T, and T, 
antigens (Table). There were abnormally 
large numbers of monocytes (M1+ antigen) 
and cells bearing the Ia antigen (B cells, 
activated T cells, and monocytes). 

A repeated roentgenographic barium- 
contrast examination of the bowel showed 
mucosal thickening, evidence of malab- 
sorption, malposition of the ligament of 
Treitz, and location of the appendix and 
cecum in the left lower quadrant of the 
abdomen. The patient underwent a laparot- 
omy, at which a malrotation of the small 
bowel was found. This was surgically cor- 
rected and an inversion appendectomy was 
performed. Subsequently, the patient was 
given intravenous y-globulin infusions 
monthly for eight months. There was a 
marked clinical improvement. The diarrhea 
ceased and growth and development im- 
proved. Immunoglobulin and lymphocyte 
studies repeated several months later 
showed marked improvement. The E-ro- 
settes, mitogen responses, lymphocyte 
subsets, and delayed hypersensitivity skin 
test reactivity returned to normal (Table). 

PATIENT 2.—This was a 3-year-old girl 
first seen by our service when she was 
approximately 2% years old. She was re- 
ferred by a pediatrician who had evaluated 
her for several months of persistent ane- 
mia. There was no evidence of iron-defi- 
ciency anemia but guaiac-positive stools 
were discovered. A roentgenographic eval- 
uation of her bowel had failed to identify the 
source of the occult bleeding. Examination 
at the time of admission to Texas Children’s 
Hospital disclosed a well-nourished and 
well-developed child. The only positive 
physical finding was a functional systolic 
heart murmur. The patient continued to 
have guaiac-positive stools during our eval- 
uation, yet extensive studies failed to dem- 
onstrate the cause of bleeding. Repeated 
roentgenographic examination of the 
gastrointestinal tract, duodenoscopy, and 
colonoscopy, as well as a small-bowel biopsy 
specimen, were interpreted as normal. An 
arteriogram failed to disclose the source of 
bleeding. At the time of our initial evalua- 
tion, an immunologic work-up was obtained 
that documented depressed serum immu- 
noglobulin levels (Table) and absent, 
delayed-type hypersensitivity to skin test- 
ing with Candida antigen (1:10) and tetanus 
antigen (1:10). The percentage of peripheral 
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blood T cells (E-rosettes) was decreased, 
while the percentage of peripheral blood B 
cells (SIg+) was increased. In vitro lym- 
phocyte responses to mitogens were de- 
pressed (Table). In addition, lymphocyte 
subset analysis revealed depressed per- 
centages of T,+, T,+,T,+, and T,,+ cells. 
There were abnormally high percentages of 
M1+ and Ia+ cells as well. 

Surgical exploration demonstrated a 
5-cm cavernous hemangioma in the mid- 
jejunum. This was resected without diffi- 
culty. Subsequently, the anemia and 
guaiac-positive stools resolved. This was 
followed by an improvement in the patient’s 
immune status (Table). 


RESULTS 


Initial screening tests for detecting 
immune deficiency, ie, serum immu- 
noglobulin determinations and delayed 
hypersensitivity skin testing, dis- 
closed abnormal IgG values and absent 
T-lymphocyte recall to Candida and 
tetanus antigens (Table). Additional 
assessment of immunological function 
disclosed that both patients were capa- 
ble of making antibodies to naturally 
occurring substances (positive isohem- 
agglutinin response). Neither of the 
patients was lymphopenic but both 
demonstrated decreased percentages 
of peripheral blood T lymphocytes. 
Patient 1 actually had an absolute nu- 
merical deficiency of T lymphocytes. 
Both patients’ lymphocyte populations 
displayed abnormal distributions of 
T-cell antigens on their surfaces. Per- 
centages of T lymphocytes bearing T, 
(mature T cell), T, (helper T cell), and 
T, (E-rosette—-receptor T cell) were 
decreased in distribution, where mea- 
sured. The percentage of T, (suppres- 
sor T cell)—positive lymphocytes was 
decreased from the normal in patient 
2. Similarly, both patients’ peripheral 
blood lymphocytes reacted poorly to 
mitogens. 

After correction of the intestinal 
structural defects (a malrotation in 
patient 1 and a cavernous hemangioma 
in patient 2), each patient’s immune 
function improved (Table). Serum im- 
munoglobulins and T-cell numbers 
gradually rose into the normal range 
(by 15 months in patient 1 and by three 
months in patient 2). Serial lympho- 
cyte transformation studies to mito- 
gens were performed periodically over 
12 months following surgery (Figure). 
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Reactivity of peripheral blood lymphocytes to mitogens in patients after surgery. Values are 
percent of normal values: (radioactive thymidine in patient's lymphocytes/radioactivity in 
control lymphocytes) x 100; shaded area, 95% confidence normal range; open symbols, 
patient 1; closed symbols, patient 2; squares, phytohemagglutinin; circles, concanavalin A; 


and triangles, pokeweed mitogen. 


Both patients’ values were in the nor- 
mal range within 12 (patient 1) and 3 
months (patient 2), respectively. Each 
patient had significantly altered lym- 
phocyte subsets as determined by the 
monoclonal antibody-flow cytometry 
techniques previously described. Ini- 
tial evaluation showed marked de- 
creases in the T, and T, values (Table). 
Several months after surgical repair, 
there was a significant improvement in 
these values and all were normal 12 
months later (Table). IgG subclass 
measurements obtained during pa- 
tient 1s initial evaluation were all 
markedly depressed and reevaluation 
several months later showed marked 
improvement in all IgG subclasses. In 
addition, this patient demonstrated a 
positive antibody response to diph- 
theria and tetanus immunizations 
after surgery and both patients ex- 
hibited skin-test reactivity to antigens 
at 1:10 dilutions after surgery. 


COMMENT 


The two patients described in this 
report present examples of secondary 
states of combined-systems immu- 
nodeficiency. Their early symptoms of 
diarrhea and gastrointestinal tract 
blood loss, respectively, led to an eval- 


uation of their immune competence, 
revealing profound defects of both 
humoral and cellular immunity. Serial 
evaluation of patient 1 suggested nor- 
mal immune competence that subse- 
quently deteriorated, whereas in pa- 
tient 2 it is unclear what the exact 
immune status was before the develop- 
ment of the anemia. Because there had 
been no major infections and her 
growth and development were normal, 
we could probably assume that patient 
2 had normal immune function. The 
primary state of immunodeficiency 
that might possibly apply to our pa- 
tients is that of transient hypogam- 
maglobulinemia of childhood in which a 
selective deficiency of T,+ helper cells 
has been reported. However, children 
with transient hypogammaglobuline- 
mia possess normal percentages of 
E-rosettes in the peripheral blood and 
their lymphocytes respond well to 
mitogens.’ 

In terms of secondary states of im- 
munodeficiency, it is well known that 
malnutrition and chronic infection can 
produce abnormalities in humoral and 
cellular immunity.”" Moreover, se- 
vere, chronic diarrhea can produce im- 
munological abnormalities.” There is 
no doubt that patient 1 had hypo- 


Immunodeficiency and Intestinal Defects—Fawcett et al 171 








albuminemia and malabsorption dur- 
ing part of her illness and demon- 
strated abnormalities in cellular 
immune function. However, it has been 
noted that while de novo antibody syn- 
thesis to antigenic challenge can be 
deficient in chronic malnutrition, se- 
vere depression of total serum immu- 
noglobulin concentrations is rare.” 
There was no evidence for malnutri- 
tion in patient 2. It is more likely that 
the immunological deficiencies ob- 
served in our two patients were the 
result of increased catabolism of immu- 
noglobulins and/or gastrointestinal 
loss of lymphocytes and immuno- 
globulins.“ Thus, in patient 1, both the 
anatomic defect and malnutrition con- 
tributed to the secondary state of im- 
munodeficiency which was slower to 
return to normal than that in patient 2, 
who was not malnourished. Increased 
losses of serum proteins such as 
albumin, immunoglobulins, and trans- 
ferrin can occur with several forms of 
protein-losing enteropathy." Causes 
include constrictive pericarditis as 
well as gastrointestinal disease such as 
inflammatory bowel disease, malab- 
sorption syndromes (ie, Whipple's dis- 
ease and celiac sprue), gastric neo- 
plasms, Ménétrier’s hypertrophic 
gastritis, intestinal lymphangiectasia, 
and allergic gastroenteropathy. Condi- 
tions associated with dilated lym- 
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phatics can also result in decreased 
lymphocyte numbers.” Such disor- 
ders include intestinal lymphangiec- 
tasia, constrictive pericarditis, re- 
gional enteritis, and Whipple’s dis- 
ease.” In our two patients, surgical or 
biopsy specimens showed no evidence 
of lymphatic dilatation. Disorders that 
were unassociated with lymphatic ab- 
normalities or lymphopenia but re- 
sulted in decreased serum albumin and 
immunoglobulins include allergic gas- 
troenteropathy, celiac disease, milk 
allergy, and ulcerative colitis.” Our 
patients would seem to resemble this 
latter group. Following recovery, 
immunoglobulin levels may remain low 
for a significant period of time, as they 
did in patient 1. Thus, the depressed 
immunoglobulin levels observed seem 
to reflect continued increased in- 
testinal losses, although it is possible 
that the supplemental IgG given to 
patient 1 suppressed endogenous IgG 
production. We believe that in our pa- 
tients the most likely explanation of 
the hypoproteinemia, hypogamma- 
globulinemia, and T-cell abnormalities 
in patient 1 and the abnormal lympho- 
cyte function and depressed immu- 
noglobulin levels in patient 2 were due 
to increased intestinal losses. 

With regard to patient 1, it is impor- 
tant to stress that some children with 
presumptive allergic gastroenteropa- 
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thy in fact have an anatomic abnormal- 
ity of the intestinal tract. These ana- 
tomic abnormalities can produce 
severe clinical symptoms that may 
mimic food allergy and may also be 
associated with significant cellular and 
humoral immune defects. Similarly, in 
patient 2, who initially presented with 
anemia, a thorough investigation dis- 
closed the unexpected condition of im- 
munodeficiency associated with a 
bleeding hemangioma of the jejunum. 
Although afibrinogenemia, anemia, 
and thrombocytopenia have been re- 
ported with splenic hemangioma,” we 
are not aware of either protein-losing 
enteropathy or immunological abnor- 
malities in other patients with gastro- 
intestinal tract hemangiomas. Thus, 
anatomical lesions of the gastrointes- 
tinal tract not only may produce 
secondary states of immunodeficiency 
but may be initially confused with 
more common diseases in childhood. 
Only careful evaluation of such chil- 
dren will yield the proper diagnosis 
and lead to corrective surgery. 


This study was supported in part by a special 
fund from the Texas Children’s Hospital, Hous- 
ton, and the John P. McGovern Foundation. 

We are indebted to Ralph D. Feigin, MD, for a 
critical review of the manuscript, to William J. 
Pokorney, MD, for surgical care of patient 1, to 
Robert S. Bloss, MD, for surgical care of patient 
2, to Peggy Jackson and Teri McCumber for 
secretarial assistance. 


Hypoproteinemia antedating intestinal lesions, 
and possibly due to excessive serum protein loss 
into the intestine. Am J Med 1959;27:963-975. 

16. Ivey K, DenBesten L, Kent TH, et al: 
Lymphangiectasia of the colon with protein loss 
and malabsorption. Gastroenterology 1969;57: 
709-714. 

17. Jeffries GH, Chapman A, Sleisenger MH: 
Low-fat diet in intestinal lymphangiectasia. 
N Engl Med 1964;270:761-766. 

18. Laster L, Waldmann TA, Fenster LF, et al: 
Albumin metabolism in patients with Whipple’s 
disease. J Clin Invest 1966;45:637-644. 

19. Waldmann TA, Steinfield JL, Dutcher TF, 
et al: The role of the gastrointestinal system in 
‘idiopathic hypoproteinemia.’ Gastroenterology 
1961;41:197-207. 

20. Heiner DC, Wilson JF, Lahey ME: Sensi- 
tivity to cow’s milk. JAMA 1964;189:563-567. 

21. Thatcher LG, Clatanoff DV, Stiehm ER: 
Splenic hemangioma with thrombocytopenia and 
afibrinogenemia. J Pediatr 1968;73:345-354. 


Immunodeficiency and Intestinal Defects—Fawcett et al 


Wilms’ Tumor Detection in Patients With Sporadic Aniridia 


Successful Use of Ultrasound 


Aaron L. Friedman, MD 


è Eleven patients with sporadic ani- 
ridia have been followed up for periods 
of time ranging from eight months to ten 
years. The initial renal evaluation in- 
cluded an intravenous pyelogram and 
ultrasound. Ultrasound evaluation was 
then performed every four to six months 
until 8 years of age. After 8 years of age, 
evaluation was performed every six to 12 
months. Two of 11 patients were found to 
have Wilms’ tumors. Ultrasound was 
sensitive enough to find small lesions 
prior to extension from the kidney. Ultra- 
sound evaluation permits early detec- 
tion without repeated radiation, seda- 
tion, or contrast and offers an easy 
technique for follow-up of patients with 
sporadic aniridia who have a high likeli- 
hood of developing a Wilms’ tumor. 

(AJDC 1986;140:173-174) 


poradie aniridia is an ocular syn- 
drome with absence or hypoplasia 
of the iris and an increased incidence of 
Wilms’ tumor.’ A chromosomal defect, 
llp—, has been reported in many but 
not all patients with sporadic ani- 
ridia.** The finding of Wilms’ tumor in 
patients with sporadic aniridia has led 
to considerable study of this syn- 
drome. However, little discussion has 
focused on the method of following up 
these children to ascertain the pres- 
ence of Wilms’ tumor. We report the 
regimen that we use to follow up chil- 
dren with sporadic aniridia that has 
minimized radiation exposure and has 
recognized tumor at early stages. 


PATIENTS AND METHODS 


Patients with sporadic aniridia were re- 
ferred from the pediatric ophthalmology 
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department to the pediatric nephrology 
department. The initial renal evaluation 
included a careful history, a physicel ex- 
amination, urinalysis, chromosome stud- 
ies, and kidney imaging. Our protocc: con- 
sisted of an initial radiologic examination 
by ultrasound and intravenous pyelogra- 
phy. We then followed up patients by ultra- 
sound, urinalysis, and physical examina- 
tion every four to six months. If an area 
could not be scanned because of over_ying 
bowel gas, a repeated scan was performed. 
If an area on either kidney could not be 
scanned because of technical difficulty, an 
intravenous pyelogram was performed. We 
used intravenous pyelography or computed 
tomography only if ultrasound demon- 
strated an abnormality or suspicious zrea. 
After the age of 8 years, surveillance de- 
creased to every six to 12 months. Surveil- 
lance was decreased at this point because 
the likelihood of developing a Wilms’ tumor 
decreases with age. Indeed, 80% « all 
Wilms’ tumors occur before the age of 5 
years.* 


PATIENT REPORT 


Our protocol was used to treat a patient 
with aniridia that was diagnosed at 8 weeks 
of age; there was no family history of ani- 
ridia. A chromosome analysis revealed 
llp— deletion. Ultrasound examination of 
the kidneys every four months, frequently 
performed at the time of eye examinations, 
did not demonstrate any abnormalities un- 
til 16 months of age, when an irregularity 
was found near the capsule in the left upper 
pole (Fig 1). An intravenous pyelogram 
showed distortion of the caliceal system in 
the left kidney, with a normal right kidney 
(Fig 2). The patient underwent a left 
nephrectomy. Pathologic examination of 
the removed kidney revealed a tumor 
2.5 cm in diameter in the upper pole, adja- 
cent to but not involving the capsule. A 
tongue of tumor extended into the medulla 
toward the caliceal system. No extrarenal 
extension or involvement was found. The 
patient was treated according to the Na- 
tional Wilms’ Tumor Study protocol and has 
done well up to two years of follow-up. 


RESULTS 


Since 1974, we have followed up 11 
children with sporadic aniridia. The 
age of ascertainment varied from 6 
weeks to 5 years. The follow-up peri- 
ods have been from eight months to ten 
years. 

Two of 11 patients were found to have 
Wilms’ tumor. In both instances the 
tumor was unilateral and confined to 
the kidney. As of this publication, all 11 
children are alive, with no detectable 
tumor. 


COMMENT 


Sporadic aniridia is clearly associ- 
ated with Wilms’ tumor. Miller et al’ 
estimated that one in 73 children with 
Wilms’ tumor had sporadic aniridia. 
Pendergrass,” in reviewing the Na- 
tional Wilms’ Tumor Study records, 
estimated that one in 91 patients with 
Wilms’ tumor had sporadic aniridia. 
What is not known is the percentage of 
children with sporadic aniridia who 
develop Wilms’ tumor. In our group of 
11 patients, two developed Wilms’ tu- 
mor (18%). Our number of patients is 
too small to predict that 20% of pa- 
tients with sporadic aniridia will de- 
velop Wilms’ tumor. However, it is 
clear that the risk of Wilms’ tumor is 
high in patients with sporadic aniridia 
and these patients require careful fol- 
low-up. 

Chromosome abnormalities, espe- 
cially interstitial deletions of the short 
arm of 11 (1lp—), have been associated 
with the aniridia—Wilms’ tumor syn- 
drome.*** This chromosome defect 
was believed to be a marker for those 
patients with aniridia who might 
develop a Wilms’ tumor. This view 
was furthered by the report of Yunis 
and Ramsey’ that demonstrated the 
familial occurrence of Wilms’ tumor- 
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Fig 1.—Ultrasound examination of left kidney, longitudinal section. 
Prominent area (arrow) in anteromedial cortex of left upper pole with 
change in contour of left upper pole. Echogenicity, however, is not 


dramatically different from rest of kidney. 


aniridia syndrome with the llp- 
chromosome abnormality. However, 
Riccardi et al described two patients 
with apparently normal chromosomes, 
iris defects, and Wilms’ tumor. Thus, a 
patient with sporadic aniridia and nor- 
mal chromosomes requires as careful a 
follow-up as patients with sporadic 
aniridia and chromosome abnormali- 
ties. 

Our protocol relies heavily on the 
ultrasound examination. Ultrasound 
examination has succeeded in diagnos- 
ing abnormalities of the kidney in our 
patients prior to any major extension 
of the tumor. Ultrasound has impor- 
tant advantages when used on young 
children. There is no radiation, so re- 
peated examinations can be done often 


1. Miller RW, Fraumen JF, Manning MD: As- 
sociation of Wilms’ tumor with aniridia, hemi- 
hypertrophy and other congenital malforma- 
tions. N Engl J Med 1964;270:922-927. 

2. Riccardi VM, Sujansky LS, Smith AC, et al: 
Chromosomal imbalance in the aniridia-Wilms’ 
tumor association: llp interstitial deletion. 
Pediatrics 1978;61:604-610. 

3. Riccardi VM, Hittner HM, Strong LC, et al: 
Wilms’ tumor with aniridia/iris dysplasia and 
apparently normal chromosomes. J Pediatr 
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with no risk of radiation exposure. 
With “real-time” ultrasound the pa- 
tient does not have to be perfectly 
quiet and, therefore, small children 
may be examined without sedation. 
The examination can be accomplished 
quickly and without the use of contrast 
material. These advantages are in 
marked contrast to both intravenous 
pyelography and computed tomogra- 
phy. Also, intravenous pyelography 
depends on obvious changes that lead 
to distortion of the renal outline or 
distortion of the caliceal system. Ul- 
trasound can find changes in the renal 
cortex that distort neither the capsule 
nor the caliceal system. This is impor- 
tant, since Wilms’ tumor often begins 
in the subcapsular cortex. Therefore, 
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Fig 2.—Intravenous pyelogram following ultrasound above. Right 
kidney was normal. Left kidney outline is abnormal (arrow) with 
bulging of superior medial aspect of left kidney and splaying 
deviation of upper-pole—collecting system. 


ultrasound has a theoretical advantage 
over intravenous pyelography. When a 
suspicious lesion is found or if any 
serious question arises, then the child 
can undergo computed tomography for 
a more definitive diagnosis and defini- 
tion of anatomy. The use of ultrasound 
was suggested by Tolchin et alë in the 
surveillance of a patient with hemi- 
hypertrophy. We have extended this 
suggestion into a protocol that we now 
follow for any patient with sporadic 
aniridia. 
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Changes in diagnosis and management occur ai a 
dizzying pace for pediatricians. The American Journal 
of Diseases of Children promises to keep you current i 
your thinking and practice by offering new concepts anc 
methods in each issue. 
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the otic preparation (solution or suspension) 
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effectiveness for acute diffuse external otitis 
of 97.5%? ' (Emphasis added.) 


EFFICACY RATES FOR OTIC 
SUSPENSION AND OTIC SOLUTION (COMBINED 
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Suspension 
Total ears 93 
Responders 91 (97.8%) 
Solution 
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Responders 104 (97.2%) 
Combined suspension 
and solution 
Total ears 200 
Responders 195 (97.5%) 
Adapted from Cassisi et al.! 
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Warnings: As with other antibiotic preparations, prolonged treatmentmay result 

in overgrowth of nonsusceptible organisms and fungi. If the infections nobimproved 
after one week, cultures and susceptibility tests should be repeated toverify the 
identity of the organism and to determine whether therapy should Be changed. 

When using neomycin-containing products to control secondary infection in the 
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neomycin is usually a low grade reddening with swelling, dry scaling ang itching; it 
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Northwestern University Medical School is seeking an 
Adolescent Medicine specialist for its patient care 
activities and educational programs at the Evanston 
Hospital and the Children’s Memorial Hospital. This 
individual will spend the majority of time at the Evanston 
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needs of adolescents exist, including a Child and 
Adolescent Center with over 2,000 adolescent visits 
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growth hormone. in patients who had previously treated with 
pituitary-derived growth hormone, one of twenty-two subjects de- 
veloped persistent antibodies to growth hormone in response to 
Protropin therapy. In children not previously treated with any exog- 
enous growth hormone approximately 40 percent developed persis- 
tent antibodies to growth hormone. In general, the growth hormone 
antibodies are not ee interfere with the growth 
response to Protropin growth . One of eighty-four subjects 
treated with Protropin growth hormone for 6 to 36 months developed 
antibodies associated with high binding capacities and failed to re- 
spond to treatment with Protropin growth hormone. In addition to an 
evaluation of compliance with treatment pogar and thyroid sta- 
tus, testing for antibodies to human growth hormone be car- 
ried out in any patient who fails to respond to therapy. Additional 
short term immunologic and renal function studies were carried out 
ina go ag patients after approximately two years of treatment to 
detect other potential adverse effects of antibodies to growth hor- 
mone. The antibody was determined to be of the IgG class; no an- 
tibodies to growth hormone of the igE class were detected. Testing 
included immune complex determination, measurement of total he- 
molytic complement and specific complement components, and im- 
munochemical analyses. No adverse effects of growth hormone 
antibody formation were observed. These findings are supported 
by a taxicity study conducted in a primate model in which a similar 
antibody response to growth hormone was observed. Protropin 
(somatrem for injection), administered to monkeys by intramuscular 
injection at doses of 125 and 625 pg/kg L.i.w., was compared to pi- 
tuitary-human growth hormone at the same doses and with pl 
over a period of 90 days. Most monkeys treated with high-dose Pro- 
tropin growth hormone developed persistent antibodies at week 
four. There were no biologically significant drug related changes in 
standard laboratory variables. Histopathologic examination of the 
masin and other selected or (pituitary, lungs, liver and pan- 
creas) showed no treatment related toxicity. There was no evidence 
of immune complexes or immune complex toxicity when the kidney 
was also examined for the presence of immune complexes and pos- 
sible toxic effects of immune complexes by immunohistochemistry 
and electron microscopy. 
B. Bacteriostatic Water for Injection, USP (Benzyl Alcohol 
Preserved) Toxicity in newborns has been associated with benzyl 
alcohol as a preservative (see WARNINGS). 
OVERDOSAGE The recommended dosage of up to 0.1 mg (0.2 IU) 
per kg body weight three times week should not be exceeded 
due to the potential risk of side ts. 
DOSAGE AND ADMINISTRATION The Protropin (somatrem for in- 
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tered three times per week (t.i.w.) by intramuscular injection is rec- 
ommended. After the dose has been determined, reconstitute each 
5 mg vial with 1-5 mL of Bacteriostatic Water for Injection, USP Sot 
a cohol Preserved) only. For use in newborns see WARNI A 
PH of Protropin after reconstitution is approximately 7.8. To pre- 
pare the Protropin solution, inject the Bactertostatic Water for injec- 
tion, USP (Benzyl Alcohol Preserved) into the vial of Protropin 
aiming the stream of liquid against the glass wall. 
swirl the product vial with a GENTLE rotary motion until the 
contents are completely dissolved. DO NOT SHAKE. It is recom- 
mended that Protropin growth hormone be administered using ster- 
ile, disposable syringes and needles. After reconstitution, vial 
contents should be clear, without particulate matter. If solution is 
c or contains particulate matter the contents MUST NOT be in- 
jected. Before and after injections the septum of the vial should be 
wiped with an antiseptic solution to prevent contamination of the 
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the muscular layer. 
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Releasing the human potential for growth 


PROTROPIN® (somatrem for injection): 
For children who need growth hormone 


In the past, the limited supply of pituitary-derived growth 
hormone meant that only the most profoundly growth hormone- 
deficient children were treated.'.2 

Today, the recombinant DNA technology of Genentech 
ensures a virtually limitless supply of pure Protropin growth 
hormone for the treatment of all children lacking adequate 
endogenous growth hormone. Clinical studies of Protropin growth 
hormone, the most complete studies conducted for any growth 
hormone product, confirm its safety and efficacy in the treatment 
of this disorder: 


Some important clinical guidelines for patient identification 
è Record height at all routine pediatric examinations.’ 
@ Compare with cross-sectional data on a standard growth chart 
e Careful, consistent technique for measuring children’s height is critical.4 


@ Growth rates of less than 5 centimeters (2 inches) per year before 
age five, or less than 4.5 centimeters (1.8 inches) per year after 
age five, are cause for concern and may warrant further evaluation’ 


è Progressive deviation from a normal growth curve may become 
apparent at any time during childhood. 


e Measurements made over four to six months, that show a decline 
in growth rate, may signal the need to refer the child for further 
evaluation.® 


Early intervention: Time to grow 


® Early diagnosis of children lacking 
adequate endogenous growth hormone is 
desirable because younger children 
typically demonstrate better responses to 
treatment and better long-term results than 
older children. 





For further information, Er 
please call toll free 1-800-821-8590 X-ray child aged 8 
or 1-800-551-2231 
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[somatrem for injection] 


Please see Protropin® (somatrem 
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The Pediatric Forum 


This department of AJDC is devoted to our readers. It is the place for comment, criticism, 
observation, and discussion of “issues of current concern and importance for children’s 
health.” In addition to the usual letters that comment on articles that have appeared in 
previous issues of AJDC, the Editor encourages our readers to express themselves on a 
variety of topics and issues that are considered to be important and that deal with current 
problems and other matters bearing on the health and welfare of children. Further, we 
encourage the submission of unique and brief clinical and scientific observations that do 
not fulfill the criteria for original articles. The latter contributions will be judged 
editorially, and may well be peer-reviewed in the usual fashion, or examined critically by our 
editorial staff in Tucson. Obviously, some may not be accepted for publication. 

Acceptance of submitted letters will be contingent on both acceptability and space 
available. The reader should submit double-spaced copy clearly marked “for publication” 
and signed by all authors. References, if included, should conform to the usual JOURNAL 
format. The maximum length of any contribution should be 500 words. Copyright assign- 
ment, signed by all authors, must accompany the original submission. The Editor reserves 
the right to edit all submissions. Although we will not impose a strict time limit on letters that 
apply to published articles in AJDC, in general these should be received within six weeks of 
publication of the article. 


Primary Care Is an End 
in Itself 


Sir—Two recent editorials prompt me 
to voice my opinion concerning the 
status of pediatrics. I am disturbed by 
the comments of my close friend and 
colleague, Dr Helfer,’ that appeared in 
AJDC under the title “Primary Care: 
Does It Belong in Pediatrics?” Dr 
Helfer’s article concerned me, but a 
second editorial,’ also by a close friend 
and colleague, convinced me to write 
in rebuttal. 

Dr Helfer’ argues that “the time 
may have come for pediatricians to 
stop apologizing for delivering pri- 
mary care and see it as itis, ie, a means 
to an end, a way to make a living... 
(and not too bad or unenjoyable a liv- 
ing at that).” If I understand Dr Helfer 
correctly, he believes that primary 
care should be seen as (1) a way by 
which pediatricians make a good and 
enjoyable living and (2) a means by 
which practice can be made stimulat- 
ing by generating a sufficient number 
of interesting and challenging patients 
who “clearly need more.” I disagree 
with Dr Helfer on a number of counts. 

First, primary care is an end in itself 
for many practicing physicians who 
enjoy and gain fulfillment from their 
efforts at prevention, education and 
guidance, health maintenance, and 
treatment of disease as they relate to 
their patients and families. Those of us 
in academic general pediatrics have 
fought long and hard to dispel the 
notion that “clinic” patients had to be 
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available so that the subspecialists 
could extract from the patient sepa- 
ratory funnel those who were “good 
and appropriate” for teaching! Is that 
not what Dr Helfer’ is suggesting for 
the practicing general pediatrician? 

Second, I challenge (and somewhat 
resent) the perceptions, so common 
among academic pediatricians, (1) that 
the private practice of pediatrics is so 
much “fun and games,” (2) that pedi- 
atricians are overcompensated for 
their efforts, (3) that providing pri- 
mary care is mundane and unreward- 
ing (to be compared with the plumber’s 
rotorooting!), and (4) that pediatri- 
cians should be willing to give their 
hard-earned knowledge and skills 
away free of charge. 

Dr Helfer states “If physicians can 
‘subsidize’ their half day off to golf, 
sail, or putter around the house, surely 
we can afford to subsidize a half day a 
week to see our own consultations, ie, 
practice our specialty.” What self-re- 
specting plumber would rotoroot 100 
stopped-up drains so that she/he could 
meet the challenge of installing two 
hot water heaters or one sprinkler 
system? Practicing our specialty is 
hard work. It requires the knowledge 
and skill acquired in training during 
long, sleepless nights (and 36-hour 
shifts) while our plumber peers were 
enjoying their evenings at home and 
long weekends with their families and 
friends. Being awakened from a warm, 
cozy sleep on a regular basis is not the 
modus operandi for even the most ded- 
icated rotorooter specialists. I do not 


deny their right to a life-style of their 
choosing, and I acknowledge that ours 
was our choice, but please do not deny 
the practicing pediatrician his time off 
with family and friends (or to catch up 
on all the household and personal 
chores deferred because of working 
many weekends and nights). 

For many years I have tried to en- 
courage pediatricians to appropriately 
charge for their secondary and terti- 
ary care. By not charging adequate 
fees, we reflect our feeling of being 
nonessential or inadequately trained, 
especially in those areas that involve 
the use of cognitive skills (ie, counsel- 
ing and guidance). It is wrong to feel 
guilt and resentment within oneself 
because we, for whatever reason, can- 
not bring ourselves to charge a fair 
price for our essential services and 
work. Working with a depressed ado- 
lescent or returning to school a child 
with separation anxiety is rewarding, 
but it is never fun and games. 

The second blast of the shotgun was 
from Dr Garfunkel,’ editor of the 
Journal of Pediatrics, in his response 
to a commentary in which Dr Cleve- 
land? gives his reasons why pediatri- 
cians should get out of the business of 
providing primary care. With regard 
to primary care pediatricians and in 
agreement with Dr Cleveland, Dr Gar- 
funkel states that “many of those func- 
tions can be handled effectively, and 
perhaps more inexpensively, by others 
such as family physicians, nurse prac- 
titioners, psychologists, and edu- 
cators.” He then goes on to say “We are 
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physicians first of all, and I fear that 
overemphasis on the psychosocial as- 
pects of care may have weakened our 
capability to perform our primary 
task: the medical care of sick children.” 
Let me cite an example of why I 
strongly disagree with the concepts 
put forth by Drs Helfer, Cleveland, 
and Garfunkel. Primary care pediatri- 
cians cared for my children and care 
for my two grandchildren, and a pri- 
mary care pediatrician will take care of 
my new grandchild, who is on the way. 
Recently, I again had occasion to learn 
what it means to have children cared 
for by a primary care pediatrician. 
After an uneventful first 18 months of 
life during which my grandson was 
provided “routine” care, he late one 
night experienced a febrile seizure. As 
we all know, problems come in threes, 
and on a Saturday morning during an 
episode of diarrhea, he developed an 
intussusception. Shortly after that, 
his mother noted a swelling in his 
groin, and again the pediatrician 
diagnosed the problem, a hydrocele. 
It was the trust that had been devel- 
oped in the pediatrician that made 
coping a lot easier for the parents (and 
grandparents). But, more important, 
would a practitioner with fewer sec- 
ondary and tertiary skills have been 
able to do just the right number of 
studies and procedures to arrive at 
the final diagnoses and then go on 
to manage the conditions in precisely 
the correct manner? I do not know, 
but I suspect it would have been much 
more difficult for the infant, parents, 
and especially Grandpa! My question 
is, don’t all children deserve the 
best? 
GEORGE D. Comerc!, MD 
Department of Pediatrics 
Arizona Health Sciences Center 
1501 N Campbell Ave 
Tucson, AZ 85724 
1. Helfer RE: Primary care: Does it belong in 
pediatrics? AJDC 1985;139:974-975. 
2. Garfunkel JM: The pediatrician of the fu- 
ture. J Pediatr 1985;107:910-912. 


3. Cleveland WW: Dormant correspondence 
reconsidered. J Pediatr 1985;107:910-911. 


In Reply.—I am impressed by the 
many thoughtful responses to my com- 
mentary on primary care, which I 
wrote just a year ago on my way home 
from the Ambulatory Pediatric Asso- 
ciation/Society for Pediatric Research/ 
American Pediatric Society meetings. 
This has been a good year for looking at 
our specialty of pediatrics most criti- 
cally and openly. 
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In between the many emotions that 
exude in Dr Comerci’s letter are some 
very insightful thoughts. As I inter- 
pret them and his points of disegree- 
ment, I suggest we are hung up on 
semantics, ie, the words primary, sec- 
ondary, and tertiary. They mean to 
each individual what we want them to 
mean. 

Dropping these terms for a moment 
may help clarify the points in my com- 
mentary. Let me color code them, hop- 
ing to avoid existing “jargon fixes.” 

Yellow Tasks.—Yellow tasks are 
those that are routine and can be 
learned and delivered in a brief period 
by many health care professionals. 
These are common and not compli- 
cated and include such things as giving 
immunizations and handling simple 
otitis media and otitis externa, non- 
complicated gastroenteritis, etc. These 
tasks, when done frequently and 
rapidly, do indeed permit one to make 
a living. Their performance, even 
when done well, does not justify call- 


ing oneself a specialist in pediatrics, — 


although pediatricians and many other 
health professionals do them with 
great skill. I am concerned when they 
take up so much of a pediatrician’s time 
that this highly trained professicnal 
does not have time to practice his 
profession. However, an insightful, en- 
thusiastic pediatrician will use this op- 
portunity to identify those children 
and parents, seen for these yellow 
tasks, who do need a pediatrician. 

Green Tasks.—Green tasks require 
the skill of a highly trained pediatri- 
cian who should be able to interact 
with children and parents with great 
finesse, recognizing serious or poten- 
tial problems in development, be- 
havior, and illness that can be treated 
and/or addressed in a preventive fash- 
ion. These tasks elearly require more 
time and skill, often not bringing in an 
equivalent level of fees as three yellcw 
task patients seen in the same amount 
of time. Green tasks require skills 
that, when done, justify calling our- 
selves specialists in pediatrics. Gcd 
help the “pediatrician” who is satisfied 
with yellow tasks, rarely giving him- 
self or herself time to practice our 
specialty. 

Red Tasks.—Reé tasks are narrowly 
defined, requiring added knowledge 
and skills in a specific area of pedi- 
atrics, often organ related or system 
related. Individuals trained in these 
subspecialty areas are invaluable and 
handle only a small segment of the 
problems that affect our children 


Most practice their skills at a univer- 
sity setting and are often subsidized 
for their work. 

Dr Comerci speaks of fun and 
games. I hope that the delivery of 
yellow, green, or red tasks proves en- 
joyable for the provider. I am most 
concerned, however, when yellow 
tasks are so consuming for pediatri- 
cians that we begin to equate them 
with pediatrics, as if they, per se, 
justify calling ourselves specialists. I 
repeat my call for pediatricians to 
define more clearly secondary care. 

Ray E. HELFER, MD 

Department of Human 
Development 

B240 Life Sciences 

East Lansing, MI 48824 


AAP Activities in Border 
and Indian Health 


Sir.—We thank Drs Bustamante’ and 
DiNicola’ for calling attention to two 
very important areas of child health, 
United States—Mexico border health 
and Native American health. Disen- 
echantment and frustration are ex- 
pressed in both letters. In an effort to 
provide some encouragement to those 
deeply committed to the health care of 
these two underserved populations, 
we draw attention to the achievements 
and activities of the American Acad- 
emy of Pediatric’s (AAP’s) Committee 
on Community Health Services. 

Funded by the Robert Wood Johnson 
Foundation, the AAP’s United States- 
Mexico Border Health Initiative stud- 
ied maternal and child health problems 
in the border region. The project 
brought together practitioners and 
governmental officials on both sides of 
the border to define problems and to 
work together in formulating solu- 
tions. Research aspects of the project 
addressed the border population, 
health utilization and resources, pat- 
terns and trends in natality, commu- 
nicable diseases, and patterns of mor- 
tality. Since the dissemination of the 
findings from this project, the Com- 
mittee on Community Health Services 
has worked to develop strategies to 
address the very important health 
problems that were identified. This 
has not been an easy task, and the 
committee sympathizes with Dr Bus- 
tamante in expressing frustration over 
beginning to make a difference in an 
area with such overwhelming health 
problems. 

However, the committee believes 
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that making a difference begins with 
making a commitment, and the AAP 
continues to promote better health 
care for mothers and children who 
reside along the United States—Mexico 
border. Continuing medical education, 
accident prevention awareness, and 
research on malignant neoplasms in 
children are priority areas in which 
AAP Fellows are making headway. 

The AAP has had a long and im- 
pressive history working to improve 
child health care among the Native 
American population, too. Through 
the former Committee on Indian 
Health, the AAP worked with Indian 
Health Services (IHS) of the federal 
government to provide consultation to 
and professional support for pediatri- 
cians working on reservations, acted 
as an advocate for the needs of children 
in the allocation of resources within 
IHS, and supported IHS programs in 
public forums (eg, congressional testi- 
mony). Presently, the Committee on 
Community Health Services is taking 
responsibility for the AAP’s renewed 
efforts in this area. One initiative un- 
der way is the establishment of an 
Indian health subcommittee, whose 
members will provide consultation to 
those caring for Indian children. This 
group will serve as the focus of AAP 
activities in this area, one of which will 
be tackling the monumental problem 
of child abuse. 

As advocates for children, we recog- 
nize the need for a far greater scope of 
activities in helping border and Indian 
children. We welcome with enthusi- 
asm further action by pediatricians on 
behalf of all underserved pediatric and 
adolescent populations. 

ANTOINETTE Eaton, MD 
Committee on Community 
Health Services 


Doris HOWELL, MD 
Subcommittee on United States— 
Mexico Border Health 


Davip KAPLAN, MD 
Subcommittee 
on Indian Health 
American Academy of Pediatrics 
141 NW Point Blvd 
PO Box 927 
Elk Grove Village, IL 60007 
1. Bustamante SA: Organized medicine and 
the border. AJDC 1986;140:88. 
2. DiNicola AF: The neglected and abused 
children on Indian reservations: A low-priority, 


nonvocal group with few vocal advocates. AJDC 
1986;140:89. 


In Reply.—The efforts of the AAP and 
associated organizations to which 
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Eaton and colleagues refer are com- 
mendable. Last fall, as we sat to dis- 
cuss some of the issues with a few 
colleagues during the AAP meetings, 
we realized again that the problems of 
our fellow men, women, and children 
in the border area indeed boggle the 
mind. I suggest, therefore, that the 
will of an entire society, more than the 
actions of a few, will determine how 
much we can do to prevent further 
alienation of the societies separated by 
the border line. I am aware of the 
impressive achievements of the AAP 
and those of many institutions along 
the two sides of the border, but the 
problem, the overwhelming health 
problem, remains. 

With no credentials to show to back 
up my convictions, I am willing to 
stand alone to express those convic- 
tions for fear that, otherwise, what I 
believe will not be served with the 
right and good it deserves. Rather 
than a show of frustration, I should 
like to express a deep concern and 
invite fellow physicians in organized 
medicine to apply the same standards 
to social issues that affect health policy 
as we apply to the care of individual 
patients. I believe it is fair to say that 
in the past 15 years we have changed 
from a position that health care is a 
right to a notion of finite resources 
only available to those who can pay. 
The neo-Malthusians of medicine would 
like us to believe that the diseases of 
the poor have no cure because the 
resources available increase in arith- 
metical ratio while the poor increase in 
geometrical ratio. As he grew older 
and wiser, Malthus recognized the role 
of “moral restraint” in preventing the 
disastrous predictions of his earlier 
theories. We, the health care system of 
America, however, have not found 
moral restraint. We seem to have em- 
braced for-profit medicine with some 
vigor as our only means to survival. 

Not wanting to appear immodest in 
the firm expression of convictions, I 
would rather refer the reader to 
Thier’s' lucid discussion of the critical 
issues in health policies. I believe 
Thier is suggesting moral restraint 
when he says that “surely, the best 
possible care delivered in the most 
humane fashion has a higher priority 
than the most complete reimburse- 
ment.” Let us invite again all physi- 
cians in organized medicine to ponder 
the potential solutions to the border 
health problem as one of the issues to 
enter in our quest for the highest stan- 
dards in the practice of medicine. Let 


us show moral restraint and prove the 
neo-Malthusians wrong once again. 
SERGIO A. BUSTAMANTE, MD 
Department of Pediatrics 
Arizona Health Sciences Center 
1501 N Campbell Ave 
Tucson, AZ 85724 


1. Thier SO: Health policy: The critical issues. 
Iss Science Technol 1986;2:3-6. 


Approaches to Child Abuse 
on Indian Reservations 


Sir.—Having spent the last seven 
years as a primary physician with In- 
dian Health Service, I read with inter- 
est DiNicola’s' letter on neglected and 
abused children on Indian reserva- 
tions. It is unfortunate that, due to the 
loss of the National Health Service 
Corps scholarship program, the influx 
of concerned, competent young physi- 
cians like Dr DiNicola that program 
brought to the reservations will now 
end. However, while I applaud his ob- 
vious compassion toward the plight of 
Indian children, I think the issue is 
even more complex than he states. 

Certainly a problem exists. I take 
issue, however, with the statement 
that the extended family no longer is a 
factor on modern reservations. My ex- 
perience is that not only is this method 
of child rearing alive and well, it may 
be a norm on many reservations. I have 
been impressed that it is successful in 
many cases.’ It is important to note 
that current policy toward Indian chil- 
dren is a response to the injustice done 
to Indian people in the past in the 
name of compassion for “neglected” 
Indian children. In particular, I refer 
to situations in which over half the 
children in some tribes have been re- 
moved forcibly from their homes to be 
raised in non-Indian families.” 

Many of these children, scorned as 
adolescents by the non-Indian culture 
in which they were raised, have re- 
turned to the reservations as young 
adults, where they have felt equally 
displaced, and contributed dispropor- 
tionately to problems of alcoholism and 
unemployment on the reservation. 

Certainly, not all reservations show 
a prevalence for alcoholism of 70%, as 
cited by DiNicola,’ though some may 
approach that figure.* Studies from my 
own practice (in Fort Hall, Idaho) and 
other studies suggest that half that 
figure is more representative of reser- 
vation populations. 

What, then, is the cause of the prob- 
lem and what is to be done? Poor self- 
esteem, which can be seen as a result of 
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both alienation from the dominant 
culture and lack of pride in and knowl- 
edge about Indian culture, is a critical 
factor in the development of substance 
abuse and associated child neglect and 
other problems on the reservations.*° 
Thus, the Indian Child Welfare Act of 
1976, which supports the concept of 
leaving Indian children on the reserva- 
tions to be raised in their own culture, 
is in fact a thoughtful response to the 
needs of the reservation and of Indian 
children,’ not a sign of an uncaring 
attitude. 

What is needed is more federal and 
tribal effort in the area of substance 
abuse treatment and employment and 
educational opportunities on the res- 
ervations. It is essential that such pro- 
grams be community based and be 
rooted in Indian culture, since efforts 
to “integrate” Indians into the domi- 
nant culture are rarely, if ever, suc- 
cessful.** I feel that the problem is not 
so much with “federal and local Indian 
authorities” as it is a lack of resources, 
in particular, dwindling support for 
programs in substance abuse and 
other preventive mental health activi- 
ties, and continued budget cuts in 
these areas felt to be necessary to keep 
acute care facilities on the reservations 
functioning. 

JAMES F. CALVERT, MD 

Department of Health and 
Human Services 

Park Bldg, Room 314, 
Stop 318, #2 

5600 Fishers Lane 

Rockville, MD 20857 


The views expressed herein are those of the 
author and do not necessarily reflect the views of 
the Indian Health Service. 
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Infants With Meningitis Without 
Cerebrospinal Fluid Pleocytosis 


Sir.—We recently cared for two in- 
fants with clinical signs of meningitis 
without cerebrospinal fluid (CSF) 
pleocytosis. However, cultures were 
positive within 24 hours for Haemo- 
philus influenzae in one infant and 
B-hemolytic Streptococcus group B in 
the other. We report these casas to 
warn physicians that meningitis may 
occur in the absence of CSF pleocy- 
tosis, even in otherwise healthy and 
normal children. 


Patient Reports.—PaTiENT 1.—An 8- 
month-old black male infant was in good 
health until three days prior to admission, 
when lethargy, decreased appetite, 23.4°C 
temperature, and “twitching movements” 
that lasted about ten minutes developed. 
The patient had nuchal rigidity, a grade 1/6 
soft systolic murmur, and diffuse rales in 
both lung fields. Brudzinski’s and Kernig’s 
signs were negative. Results of admission 
laboratory tests, including a complete 
blood cell count, were normal. Hemog.obin 
electrophoresis showed hemoglobin A only. 
Serum immunoglobulins, total serum he- 
molytic eomplement, neutrophil chemo- 
taxis, and chemoluminescence were nor- 
mal. Blood cultures were positive for 
H influenzae, which was sensitive to am- 
picillin. The patient was treated witk am- 
picillin sodium, 400 mg/kg/d, for 21 days 
and did well. 

PATIENT 2.—A 16-day-old black male 
infant was well until the day of admiszion, 
when he was febrile, refused feeding, and 
was irritable and lethargic. The anterior 
fontanelle was bulging. Brudzinski’s and 
Kernig’s signs were negative. Admission 
laboratory studies revealed a normal eom- 
plete blood cell count. A CSF prefile 
showed a white blood cell count of 0/mm', a 
red blood cell count of 0/mm‘, a protein level 
of 41 mg/dL (0.41 g/L), and a glucose level of 
43 mg/dL (2.4 mmol/L). Gram-positive 
cocci were present in pairs and clusters. 
Blood and CSF cultures were sent to the 
laboratory, and the patient received am- 
picillin and gentamicin sulfate. In 24 hours, 
both the CSF and blood cultures were 
positive for B-hemolytic Streptococcus 
group B, which was sensitive to penicillin; 
at this time, the patient was treated with 
penicillin for 21 days. Seizures developed 
in the patient. An electroencephalogram 
showed abnormal activity in the left cen- 
tral area, and a computed tomographic scan 
of the head showed supratentorial atrophic 
changes with wide areas of encepha- 
lomalacia. 

Hemoglobin electrophoresis showed he- 





moglobins A (10%) and F (90%) only. Neu- 
trophil function, total serum hemolytic 
complement, and serum immunoglobulin 
levels were within normal limits for the 
patient’s age. The patient subsequently did 
well, 


Comment.—Cerebrospinal fluid 
pleocytosis with an excess of poly- 
morphonuclear cells is the hallmark of 
bacterial meningitis.' Few cases of 
meningitis in the absence of pleocy- 
tosis have been reported. Patients 
with sickle cell disease occasionally 
have normal CSF cell counts, despite 
meningitis due to H inflwenzae or 
Streptococcus pneumoniae,’ perhaps 
due to defective inflammatory re- 
sponse.’ 

Our patients did not have sickle cell 
disease. Moreover, neutrophil chemo- 
taxis, chemoluminescence, and immu- 
noglobulin levels were normal. The 
reason for the decreased inflammatory 
response in these patients is not 
known but may relate to the young age 
of one of these patients. Both infants 
described herein had complications of 
meningitis, and it is possible that the 
lack of pleocytosis indicated a poor 
prognosis in these patients from the 
onset of the disease. 

Some investigators have suggested 
that culture of CSF is not essential in 
the absence of pleocytosis.‘ Our data 
suggest, however, that culture of CSF 
is always essential, since some chil- 
dren may fail to mount an inflam- 
matory response to infection or may 
mount a response late in their course of 
meningitis. 

MARK MICHAEL, MD 

Division of Allergy/Immunology 

Department of Pediatrics 

Children’s Hospital Medical Center 

Elland and Bethesda avenues 

Cincinnati, OH 45229 
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University of Florida 

College of Medicine 
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Putting Rapid Group A Strep Throat 
Screening Tests Into Perspective 


Sir.—I recently evaluated a limited 
series of 40 patients (aged 3 years to 
adult) who, ifthey were experiencing a 
sore throat at the time of their office 
visit and had evidence of tonsillitis or 
pharyngitis on physical examination, 
received, as part of the initial assess- 
ment, a rapid, latex agglutination- 
type group A strep (GAS) throat 
screening test plus the conventional 
GAS throat culture (TC). Not infre- 
quently, the rapid GAS screening test 
was negative, with the concomitant 
conventional TC subsequently noted 
to be positive for GAS. Therefore, 
should the practitioner defer initiating 
treatment of pharyngitis because 
the rapid GAS screen is negative, or 
should the practitioner exercise a ra- 
tional clinical judgment and initiate 
appropriate antibiotic treatment if 
streptococcal (strep) pharyngitis is 
suspected clinically despite a negative 
rapid GAS screen? 

Runny-stuffy nose, cough, conjunc- 
tivitis, and hoarseness, along with 
fever, defined as a rectal or oral tem- 
perature greater than 37.8°C (100°F), 
were the signs and symptoms used to 
help determine if treatment with an 
antistrep antibiotic should be started 
regardless of the result of the rapid 
GAS screen. 

If a patient had two or more of the 
above-noted signs or symptoms (ie, 
stuffy-runny nose, cough, conjunctivi- 
tis, or hoarseness), was without fever, 
and had a negative rapid strep screen, 
no antistrep drug was prescribed. 
With the exception of one patient with 
a subsequent positive TC, the rest of 
these patients had subsequent nega- 
tive TCs and apparently did well with- 
out antibiotic therapy. 

However, if only one of the four 
above-noted signs or symptoms (ie, 
cough without rhinitis, conjunctivitis, 
or hoarseness) was noted, even if the 
patient was without fever and without 
a positive rapid GAS screen, therapy 
with an oral antistrep drug was 
started as soon as possible after the 
patient left the office. Over 90% of this 
category of patients had positive TCs. 
Thirty percent to 35% had false-nega- 
tive rapid GAS screening tests. All 
patients with a positive TC were 
treated and had significant resolution 
of sore throat and were without fever 
within 24 to 48 hours after beginning 
treatment with an oral antibiotic. This 
rapid response to antibiotic treatment 
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also supported the diagnosis of strep 
pharyngitis. 

Because all patients in the study had 
sore throat and clinical evidence of 
throat inflammation, if a positive rapid 
GAS screen was obtained, the patient 
was treated with a ten-day course of 
antibiotic. Sixty percent of patients 
with a positive rapid GAS screen had 
an associated subsequent positive TC. 

I conclude that if a patient with sore 
throat with or without fever plus 
clinical evidence of throat inflamma- 
tion has a positive rapid GAS screen, 
because the TC is also likely to be 
positive and because symptomatic im- 
provement with antibiotic treatment is 
usually rapidly noted in patients with 
strep pharyngitis, therapy with an 
antistrep drug should be started be- 
fore the TC result is known. However, 
even if the rapid GAS screen is nega- 
tive, if the patient presents with sore 
throat plus elinical evidence of throat 
inflammation with or without fever, 
and if by additional rational criteria 
the clinician suspects a strep throat, 
therapy with an antibiotic should be 
started as soon as possible. Starting 
antibiotic therapy based on rational 
clinical criteria, as opposed to solely on 
the results of a laboratory screening 
test, will probably reduce the duration 
of discomfort in a significant percent- 
age of patients who will ultimately 
be shown to have strep pharyngitis 
by TC. 

ALBERT F. DINIcoLa, MD 
496 Sherwood Way, #2 
Menlo Park, CA 94025 


I thank Rita Miera, LPN, for her technical 
assistance. 


Classification of Protein-Energy 
Malnutrition in Industrialized 
Countries 


Sir.—In our institution as in The Chil- 
dren’s Memorial Hospital in Chicago, 
the use of the term nonorganic failure 
to thrive obscures the fact that treat- 
able protein-energy malnutrition is a 
common disorder. We support Lister- 
nick and his colleagues’ in their con- 
tention that this term should be 
discarded. 

All children who receive even the 
most rudimentary health care should 
be properly measured using a length 
board or stadiometer and a calibrated 
beam balance. Measures of weight and 
height (length) alone can be the basis 
for rational decisions about nutritional 
rehabilitation. Plotting the child’s 
growth on the National Center for 


Health Statistics standard curves, 
particularly the weight-for-height 
curve, allows one to determine 
whether the child is normal, wasted, 
stunted, or wasted and stunted, ac- 
cording to the criteria of Waterlow.’ 
Wasted children are amenable to 
successful nutritional intervention, 
whereas stunted children are not and 
likely have failure of statural growth 
secondary to genetic endowment, en- 
docrine disorder, or other systemic 
disease. 

Although it makes no difference to 
the important therapeutic message of 
the report, we strongly disagree with 
the use of hypoalbuminemia for the 
diagnosis of kwashiorkor. The Well- 
come Trust definition of kwashiorkor 
has edema as an obligatory sign, and 
this historical approach should be 
maintained. Hypoalbuminemia is 
characteristic of kwashiorkor, but it is 
also commonly found in marasmus and 
is therefore not sufficient to make the 
diagnosis. It is known that children 
with nutritional edema (kwashiokor) 
can lose their edema when given a low- 
protein (0.6 g/kg), adequate-energy 
diet, and that during this nutritional 
rehabilitation, the serum albumin level 
does not change.” The relationship of 
nutritional edema, serum albumin 
level, and dietary protein is complex; 
what is missing in the child with 
kwashiorkor is not albumin, but the 
capacity to excrete a salt load.* 

MARGARET P. BOLAND, MD, 
FRCP(C) 

JOHN PATRICK MD(Lond), MB, 
BS, MRCP 

Departments of Biochemistry 
and Paediatrics 

Children’s Hospital of 
Eastern Ontario 

University of Ottawa 

401 Smyth Rd 

Ottawa, Ontario 

Canada K1H 8L1 

1. Listernick R, Christoffel K, Pace J, et al: 
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AJDC 1985;139:1157-1160. 

2. Waterlow JC: Classification and definition 
of protein-calorie malnutrition. Br Med J 1972;3: 
566-569. 

3. Golden MHN, Golden BE, Jackson AA: 
Albumin and nutritional oedema. Lancet 1980;1: 
114-116. 

4. Patrick J: Oedema in protein energy malnu- 


trition: The role of the sodium pump. Proc Nutr 
Soc 1979;38:61-67. 


In Reply.—We are delighted that our 
report on malnutrition’ has provoked 
discussion on this important and un- 
derdiscussed problem. We believe that 
Boland and Patrick’s reaction to the 
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definition of kwashiorkor in our report 
arises from the fact that the patients 
we described were atypically young 
when compared with most of the cases 
of malnutrition in the literature. Our 
decision to include hypoalbuminemia 
as equivalent to edema was based on 
observations made on severely mal- 
nourished children in the Warsaw 
Ghetto during World War II (“hunger 
disease”).” Edema was rarely evident 
in these children prior to 2 years of 
age. As our goal was to identify all 
children under 18 months of age with 
severe malnutrition, this expanded 
use of the Wellcome Trust definitions 
was employed.* It may be that in this 
age group pure kwashiorkor simply 
does not occur, but that linear catchup 
growth does. These are some of the 
remaining questions to be addressed 
concerning malnutrition. 

The first step toward answering 
these questions is recognition of mal- 
nutrition when it occurs. We agree 
strongly with Boland and Patrick on 
the need for standardized measure- 
ments in the nutritional screening of 
all children. The weight-for-height 
curve is an underused aid in diagnos- 
ing both undernutrition and obesity. 

ROBERT LISTERNICK, MD 

KATHERINE K. CHRISTOFFEL, 
MD, MPH 

Division of General and 
Emergency Pediatrics 

Department of Pediatrics 

The Children’s Memorial 
Hospital 

Northwestern University 
Medical School 

2300 Children’s Plaza 

Chicago, IL 60614 
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Neonatal Tetany and 
High-Phosphate Infant Formulas 


Sir.—Bancroft’ asked in his letter if 
any other pediatricians have observed 
newborns who developed hypocal- 
cemic tetany while being fed Similac 
with Iron formula, with resolution of 
the tetany when switched to a low- 
phosphate formula. He described such 
a patient, and he noted the recent 
report’ of five newborns with tetany 
fed Similac 20. We observed similar 
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cases in our early studies of this prob- 
lem, but since we did not identify 
Similac in the publication,* Dr Ban- 
croft could not have been aware of this 
situation. In our report Similac was 
designated as “cow’s milk produet II.” 
Our attention was called to Similac in 
the following way. 

In 1947 Walter Pick, MD, and I were 
preparing a Pediatric Grand Rounds 
presentation at the Massachusetts 
General Hospital, Boston, on neonatal 
tetany when, in tabulating the 16 cases 
we had recently seen, we were struck 
by the prevalence of Similac in the list. 
Similac was not a familiar term te us at 
the time. Chemical analysis of the pow- 
der in the laboratories of the Children’s 
Medical Service of Massachusetts 
General Hospital revealed a caleium- 
phosphorus ratio by weight of 1.0 (ex- 


Similac 

Formulac 

Evaporated milk formula 
Cow's milk formula 


Mean 


Formulas for general uset 
Similac (20 [84]) 


Enfamil (20 [84]) 
SMA (29 [84]) 
Mean 


Special formulas with 
lower phosphorus content 
SMA (13 [54.6]) 


Enfamil (13 [54.6]) 
“neonatal” 


Similac PM 60/40 
(20 [84]) 


Mean 
Human milk 





Phosphorus, Ratio 


actly 0.98), as shown in the Table, a 
value lower than that normally found 
in cow’s milk. This finding pointed to 
an absolute excess of phosphorus in 
the product. Subsequent information 
provided by the manufacturer indi- 
cated that phosphoric acid had been 
added during processing of the milk. I 
have been informed that the use of 
phosphoric acid in the preparation of 
Similac was discontinued in October 
1948. 

In addition to the Similac data, the 
Table shows analytic data on Formulac 
(“product II,” another proprietary for- 
mula) and two “standard” formulas 
made with fresh cow’s milk or evapo- 
rated milk, which were also associated 
with neonatal tetany in 1947. These 
data are compared with similar data on 
three proprietary formulas in 1985 to 


No. of 
Neonatal 
Tetany Cases 
(Sources, y) 


6 (Gardner 
et al,° 1950) 


1.05 3 (Gardner 
et al,° 1950) 


5 (Gardner 
et al,° 1950) 


2 (Gardner 
et al, 1950) 


Calcium- 
Phosphorus 


mg/dL by Weight 


1.05-1.27 


6 (Bancroft,' 1986; 
Venkataraman 
et al,? 1985) 


0 (Gardner 
et al,> 1950) 


*Manufacturers of the formulas are as follows: Similac formulas, Ross Laboratories (formerly M. and R. 
Dietetic Laboratories), Columbus, Ohio (powder of 1947 Similac reconstituted with water as recom- 
mended for normal infants); Formulac, Kraft Foods Inc, Glenview, III (diluted as recommended for normal 
infants; product no longer available); evaporated milk and cow's milk formulas, standard newborn 
formulas used in 1947 at Massachusetts General Hospital; Enfamil formulas, Mead Johnson, Evansville, 
Ind; and SMA formulas, Wyeth Laboratories, Philadelphia. 

tCalories (joules) per 30 mL of formula are given in parentheses. 

Mean values on five samples taken between postpartum days 1 to 5.° In second postpartum week, 
human milk increases slightly in phosphorus content (15 mg/dL).4 
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1986: Enfamil 20, SMA 20, and Sim- 
ilac 20. The latter was associated with 
Dr Bancroft’s six cases of tetany. 
These three proprietary formulas 
demonstrate only a moderate decrease 
in the phosphorus concentration 
(mean value, 38.6 mg/dL) as compared 
with the 1947 formulas (mean value, 
53.6 mg/dL). The calcium-phosphorus 
ratio by weight remains essentially the 
same (mean value of 1.12 in 1947 vs 1.26 
in 1985). Considering the vastly lower 
phosphorus concentration of human 
milk, especially in the first days of life 
(mean value, 8.7 mg/dL), and the 
higher calcium-phosphorus ratio by 
weight (mean value, 2.26), it is not 
surprising that tetany of the newborn 
due to the dietary phosphate load of 
cow’s milk still persists. 

The possibility of hyperphospha- 
temia (with subsequent hypocalcemia) 
should be high on the diagnostic list if 
any signs of twitching, convulsions, 
atypical seizures, or other hypertonic 
phenomena occur in the first ten days 
of life, even though the signs may not 
be those of classic tetany with car- 
popedal spasm (“atypical” cases as de- 
scribed in 1952).° Dr Bancroft’s patient 
presented with generalized twitching, 
and all of the patients of Venkataraman 
et al? were initially considered to 
have seizure disorders. The latter pa- 
tients developed symptoms between 5 
and 9 days of age, which is precisely 
the span of days when the serum 
inorganic phosphorus concentration 
of the healthy cow’s milk-fed new- 
born reaches its peak? and when the 
danger of hypocalcemic tetany is max- 
imal. After this time the compen- 
satory hyperplasia of the newborn’s 
parathyroid gland permits an outpour- 
ing of the excess phosphate in the 
urine.*° 

The Table shows three special for- 
mulas with considerably lower phos- 
phorus content (mean value, 21 mg/dL) 
and, in two instances, improved cal- 
cium-phosphorus ratios when com- 
pared with other proprietary formulas 
for general use. One of these formulas, 
Similac PM 60/40, was appropriately 
used by Dr Bancroft in treating his 
patient with tetany. One wonders if 
the incidence of neonatal tetany due to 
phosphate load could not be greatly 
lowered or eliminated if special low- 
phosphorus formulas were routinely 
used for non-breast-fed, full-term 
newborns in the first ten days (only) of 
life. However, the two proprietary for- 
mulas with only 18 calories (54.6 J) per 

30 mL (SMA 13 and Enfamil 13) have an 
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energy density significantly lower 
than the 20 calories (84 J) per 30 mL 
recommended’ for full-term, healthy 
infants and may not satisfy their 
needs. 
LYTT I. GARDNER, MD 
Department of Pediatrics 
State University of New York 
Health Science Center 
Syracuse, NY 13210 
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Late-Onset Tetany With 
Hypocalcemia and 
Hyperphosphatemia 


Sir.—The article by Venkataraman et 
al' described late infantile tetany and 
secondary hyperparathyroidism pre- 
sumably due to the high phosphorus 
load in humanized cow milk formula. 
The letter from Bancroft’ described an 
additional case of this type of late 
hypocalcemic tetany, and he wondered 
if other cases had been seen. I wish to 
report late-onset tetany with hypocal- 
cemia and hyperphosphatemia in two 
sisters that was similar in course to 
that described by Venkataraman et al 
and Bancroft, but in which a signifi- 
cant factor was maternal hyperpara- 
thyroidism and hypercalcemia. 


Patient Reports.—PATIENT 1.—A 2900-g 
female neonate, the product of an uncompli- 
cated term pregnancy, labor, and delivery, 
was born to a gravida 3, para 3 mother. 
After an uneventful hospital course, she 
was discharged home on a regimen of a 
humanized cow milk formula (Similac, Ross 
Laboratories, Columbus, Ohio). When the 
neonate was 9 days old, the mother noted 
an episodic jerking of both arms and legs 
and a stiffening of the body that lasted less 
than one minute. An hour later a second 
episode occurred, and en route to the hospi- 
tal two more episodes were noted. Findings 
of the initial evaluation included a serum 
calcium level of 5.7 mg/dL (1.42 mmol/L) 
and a serum phosphorus level greater than 
10 mg/dL (8.23 mmol/L). Intravenous and 
oral calcium gluconate therapy was imme- 
diately started, and the seizures stopped. 


She was discharged home three days later 
on a regimen of Ross PM 60/40 formula 
(Ross Laboratories, Columbus, Ohio), but 
the calcium gluconate was discontinued and 
the child became more “jittery” at home. At 
that time, she was referred for further 
evaluation. No further seizure activity had 
occurred. At the time of this admission, her 
calcium and phosphorus levels were 
7.9 mg/dL (1.97 mmol/L) and 9.5 mg/dL 
(8.07 mmol/L), respectively. Calcium 
gluconate therapy was started again. Her 
calcium level subsequently rose to 
8.3 mg/dL (2.07 mmol/L) within two days, 
and her phosphorus level decreased to 
8.4 mg/dL (2.71 mmol/L) in that same pe- 
riod of time. She was then discharged to be 
followed up closely as an outpatient, but 
was immediately unavailable for follow-up. 

PATIENT 2.—The sister of patient 1 was 
the product of an uncomplicated term labor 
and delivery. Her birth weight was 2500 g. 
At 3 days of age, her phosphorus and cal- 
cium levels were 7.2 mg/dL (2.32 mmol/L) 
and 8.8 mg/dL (2.20 mmol/L), respectively. 
The child was discharged home on a regi- 
men of Similac. At 7 days of age, her 
parents noted that the child was jittery, and 
she was taken to her local physician. At 
that time, her calcium level was 6.6 mg/dL 
(1.65 mmol/L), and her phosphorus level 
was 12 mg/dL (3.87 mmol/L). She was then 
switched from Similac to SMA 20 (Wyeth 
Laboratories, Philadelphia), and supple- 
mental calcium gluconate was added to the 
diet. At 10 days of age, she was referred for 
evaluation. The parents said she had had 
four episodes of seizures and was jittery. 
The parents felt that she was more sympto- 
matic than her sister had been. On ad- 
mission, her calcium and phosphorus 
levels were 6.0 mg/dL (1.50 mmol/L) and 
11.2 mg/dL (8.62 mmol/L), respectively. 
Supplemental calcium gluconate therapy 
was started, and she was switched from 
SMA 20 to Ross PM 60/40. Her calcium 
level increased to 9.3 mg/dL (2.32 mmol/L) 
in four days. Her phosphorus level de- 
creased to 8.3 mg/dL (2.68 mmol/L) in the 
same period of time. 

An interim history was obtained for pa- 
tient 1. She had continued to receive Ross 
PM 60/40 for a short period of time, then 
was switched to whole milk without diffi- 
culty. She continued to be asymptomatic, 
and at 18 months of age, her serum calcium 
and phosphorus levels were normal. 

Although she was asymptomatic, serum 
calcium and phosphorus level measure- 
ments were obtained for the mother. Her 
calcium level was 11.7 mg/dL (2.92 mmol/L), 
and her phosphorus level was 2.2 mg/dL 
(0.71 mmol/L). Her N-terminal parathyroid 
hormone level was 670 pg/mL (normal, 230 
to 630 pg/mL), with a calcium level of 
10.6 mg/dL (2.64 mmol/L). She underwent 
surgical exploration and was felt to have 
parathyroid hyperplasia; however, she was 
then unavailable for follow-up. 


Comment.—Both of these girls had 
late-onset tetany with hypocalcemia 
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and hyperphosphatemia, and both 
were initially fed Similac, a humanized 
cow milk formula that contains a rela- 
tively high phosphate load (Similac 
calcium:phosphorus' weight ratio, 
1.3:1; human milk calcium:phosphorus 
weight ratio, 2.4:1). As soon as a low- 
phosphate formula and supplemental 
calcium were introduced, these chil- 
dren became asymptomatic and re- 
mained so. However, the hypocalcemia 
was not simply due to a high dietary 
phosphate load but also to asympto- 
matic maternal hyperparathyroidism. 
Maternal hyperparathyroidism can 
cause hypoparathyroidism in the in- 
fant, which may render the infant 
more susceptible to a high phosphate 
load. The evaluation of any infant with 
late-onset tetany with hypocalcemia 
and hyperphosphatemia should also 
include an evaluation of the mother 
for subclinical hyperparathyroidism. 
Neonatal tetany is a potential symp- 
tom of maternal disease. 

M. CASSANDRA MatustTIK, MD 
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Influence of a Swimming Program 
on the Lung Function Status of 
Children With Cystic Fibrosis 


Sir—In the January 1986 issue of 
AJDC, one finds an interesting article 
by Edlund and coworkers’ describing 
the effects of a 12-week swimming pro- 
gram on the clinical status, lung func- 
tion, and exercise tolerance of children 
with cystic fibrosis (CF). By compar- 
ing ten exercising children with CF 
with a control group that did not swim, 
the authors found an improvement of 
clinical status and exercise tolerance 
after the program; the measured lung 
function variables, however, did not 
change significantly. 

Before it becomes a widely accepted 
take-home message (swimming does 
not improve lung function in children 
with CF), this result deserves some 
critical comment: (1) There are some 
uncertainties related to the method for 
lung function assessment in the above 
article.’ A spirometer alone can never 
measure residual volume; the assess- 


AJDC—Vol 140, Sept 1986 


ment of this variable necessitates the 
use of helium dilution techniques or 
body plethysmography. (2) Lung func- 
tion is presented in absolute terms 
(liters) when children over an age 
range of 7 to 14 years are being stud- 
ied. Expressing the measurements in 
percentages of predicted normal 
values based on accepted reference 
standards would be much more feasi- 
ble. 

Our main comment, however, refers 
to the incomplete bibliography of the 
article by Edlund et al. In 1981, we 
published a similar study’ that de- 
scribed lung function changes and 
sputum production during and after a 
seven-week swimming program in- 
volving 11 children with CF. In con- 
trast to the results of Edlund and 
coworkers, we observed a significant 
improvement of lung function during 
the swimming course, which was lost 
ten weeks after the training was termi- 
nated. The fact that our publication is 
not referred to in the report by Eclund 
and coworkers deprives the reader of 
the potentially stimulating discussion 
as to why two similar studies arrived 
at discrepant results. One can only 
speculate about this discrepancy; 
these speculations, however, may hold 
an important message and, thus. de- 
serve discussion. There are several 
differences in the design of the two 
studies that may carry some responsi- 
bility for the discrepant outcomes: We 
used the patients as their own controls 
and thus compared one period with 
chest physiotherapy and swimming 
with one with chest physiotherapy 
alone. Edlund et al compared the index 
children with a control group and did 
not state whether or not the swimming 
children interrupted or reduced their 
chest physiotherapy routine during 
the program. We assessed sputum pro- 
duction during the swimming course 
and observed higher sputum volumes 
on swimming days than on nonswim- 
ming days. Edlund et al, while not 
assessing sputum production, specu- 
lated on the same phenomenon and 
arrived at a similar conclusion of swim- 
ming being a potential substitute for 
conventional chest physiotherapy. The 
most important difference betw2en 
the two studies, however, seems to be 
the clinical status of the investigated 
children. While Edlund et al studied 
patients with a mean clinical score of 
82.5 points, our patient group had a 
mean of only 73 points scored accord- 
ing to the same system. We suggest 
that the observed swimming-indueed 





improvement of sputum clearance 
might be greater in those patients with 
more advanced lung disease and 
higher sputum production. Assuming 
that the clearance of higher sputum 
volumes has a more pronounced effect 
on lung function, one is tempted to 
relate the contradictory outcome of 
the two studies to major differences in 
the sputum production of the two pa- 
tient groups. 

Such seemingly discrepant out- 
comes of investigations concerned 
with the same topic once more demon- 
strates that small samples of patients 
might not be representative for a wide 
physiologic and clinical disease spec- 
trum as is found in CF. Studies with 
small patient numbers like ours and 
that by Edlund et al’ may well produce 
stimulating results but should not lead 
to such general conclusions as swim- 
ming improves (or does not improve) 
lung function in children with CF. At 
present, we find it sufficiently docu- 
mented by our own work that swim- 
ming can improve lung function in 
some patients with CF, while it may 
have no or only minor effects in others. 
Future research should aim at assess- 
ing more precisely which patients will 
benefit from which type of exercise or, 
in more general terms, from which 
method of chest physiotherapy. 

MAXIMILIAN S. ZAcH, MD 
BEATRICE OBERWALDNER, PT 
Universitats-Kinderklinik Graz 
Auenbruggerplatz 

A-8086 Graz, Austria 
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Diagnostic Sensitivity and 
Specificity of Prick vs Intradermal 
Skin Tests 


Sir.—We read with great interest the 
article by Ownby and Bailey.' While 
we agree with the authors that there is 
no reason for including in vitro tests 
for allergen-specific IgE in the current 
diagnosis of reaginic-mediated inha- 
lant allergy in children, we disagree 
with the interpretation of the results 
concerning the skin tests that led them 
to conclude that the intradermal tech- 
nique is more sensitive than prick tests 
and the in vitro radioallergosorbent 
(RAST) and multiple allergosorbent 
(MAST) tests. 

In our experience all patients with 
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Commercial 
Allergenic Extracts 


B36; 23k 


Mean 

diameter 

of wheal, 

mm 24 32 62 42 28 43 


% False- 
negative 0 


negative prick tests and negative 
RAST reactions and positive intrader- 
mal test reactions show a negative 
challenge (conjunctival and/or nasal 
and/or bronchial provocation challenge 
with the suspected inhalant allergens). 
We therefore believe that these posi- 
tive intradermal skin tests are false- 
positive reactions (low specificity of 
the test) and that the negative reaction 
of the prick test and the positive RAST 
or MAST reaction in some patients 
(four patients in the Ownby and Bailey 
series) can rather be explained by the 
quality of the allergen extract used for 
the skin test. Recently we have carried 
out a survey? on the sensitivity and 
reliability of Dermatophagoides ptero- 
nyssinus diagnostic test solutions, 
which resulted in substantial differ- 
ences in the quality of commercial 
allergenic diagnostic extracts (Table). 
In our study we found a 100% correla- 
tion between prick tests and RAST, 
using extract “A,” but the values fell to 
63% with extract “B,” the same one 
used by Ownby and Bailey (1:20 wt/vol 
concentration in 50% glycerol saline 
solution). Thus the 37% false-negative 
prick tests detected with this extract 
almost correspond with the Ownby 
and Bailey findings (four negative 
prick-test reactions in 14 patients iden- 
tified as probably allergic by MAST). 
We suggest that the reportedly great 
variation between in vitro tests and 
skin tests for allergen-specific IgE de- 
pends on the quality of the allergenic 
diagnostic extracts used. We conclude 
that prick tests, when properly per- 
formed with allergenic extracts of 
proven quality, are simpler, quicker, 
cheaper, more sensitive, and more 
specific than other techniques in the 
diagnosis of IgE-mediated inhalant al- 
lergy, at least in children. Further- 
more, we find it difficult to accept the 
decision of the authors to perform in- 
tradermal tests rather than prick tests 
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on two of their young patients who 
were at least 4 years of age. As is well 
demonstrated,’ and in conformity with 
our practical experience, prick tests 
can also be easily performed, and in- 
terpreted without difficulty, in in- 
fants. 

GiorRGIO Lonco, MD 

ROBERTO STRINATI, MD 

FRANCESCO TEDESCO, MD 

Department of Pediatrics 

University of Trieste 

Via Dell’Istria 65/1 

34100 Trieste, Italy 
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In Reply.—Drs Longo, Strinati, and 
Tedesco are concerned with the rela- 
tive diagnostic sensitivity and speci- 
ficity of prick vs intradermal skin 
tests. We would agree with them that 
the quality of the allergenic extract is 
critical to this question. This is the 
reason that we chose to use extracts 
from the same manufacturer in both in 
vitro tests and for skin testing since we 
felt that this would provide a more 
valid comparison of the methods with- 
out the compounding variable of differ- 
ent extracts. We also agree that with 
high-quality extracts prick testing is 
the preferred method in children, and 
we have published improvements to 
the technique for young children.’ 

Drs Longo, Strinati, and Tedesco 
have, however, misinterpreted the 
data concerning the number of positive 
and negative prick and intradermal 
tests. When we stated that there were 
four patients with negative prick tests 
and positive intradermal and in vitro 
tests, we were not referring to a single 
allergen such as mite. If we look at the 
individual allergens, we find that the 
two patients with the highest RAST 
values had prick test—negative and in- 
tradermal test—positive reactions. 
Based on the strongly positive RAST 
values, these children would almost 
certainly be challenge-positive and 
thus their positive intradermal tests 
are true positives and not false-posi- 
tives. This is true for several of the 
other allergens studied, especially the 
eat allergen. 

We did analyze the data considering 


only prick test—positive results as posi- 
tive and found that while this approach 
improves the sensitivity of both in 
vitro tests, there is an almost equal 
decline in the specificity of the in vitro 
tests. 

We would also like to caution physi- 
cians that the MAST system now cur- 
rently marketed is a chemilumines- 
cent system that may or may not 
perform the same as the radioisotope 
system evaluated in our study. 

DENNIS R. OwnBy, MD 
JUDITH A. BAILEY 
Division of Pediatric 
Allergy (Immunology) 

Henry Ford Hospital 
2799 W Grand Blvd 
Detroit, MI 48202 

1. Ownby DR, Anderson JA: An improved 


prick skin test procedure for young children. 
J Allergy Clin Immunol 1982;69:533-535. 


Radiologic Findings in 
Radial Head Subluxation 


Sir.—Quan and Marcuse’ are not cor- 
rect in stating that “There are no radi- 
ologic findings” with radial head sub- 
luxation. In the normal elbow, a line 
extended from the longitudinal axis of 
the radius bisects the humeral cap- 
itellum.* Abnormalities in this rela- 
tionship can be demonstrated in some 
children with radial head subluxa- 
tion.” If positioning for films does not 
happen to reduce the subluxation, 
alert practitioners may note positive 
radiologic findings. 

CLoyD B. GATRELL, MD 

Department of Emergency 

Medicine 

Madigan Army Medical Center 

Tacoma, WA 98431 
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Corticotropin Deficiency in 
Russell-Silver Syndrome 


Sir.—Cassidy et al’ described a 7-year- 
old girl with Russell-Silver syndrome 
and deficiencies of growth hormone, 
corticotropin, and thyroid-stimulating 
hormone. 

The diagnosis of corticotropin defi- 
ciency was based on an inadequate 
11-desoxycortisol response (3.3 pg/dL 


The Pediatric Forum 


[0.096 umol/L]) to metyrapone. How- 
ever, a simultaneous serum cortisol 
level was not reported and such a de- 
termination is necessary to properly 
interpret a low 11-desoxycortisol 
response.” The serum cortisol level 
should be less than 5 pg/dL 
(140 nmol/L) to ensure that the me- 
tyrapone was indeed taken, absorbed, 
and able to suppress cortisol produc- 
tion by inhibiting llB-hydroxylase. 
The normal increments of cortisol fol- 
lowing a fast suggest normal hypotha- 
lamic-corticotropin-adrenal function 
in this patient. 

Cassidy et al also reported that the 
patient required twice the recom- 
mended dose of human growth hor- 
mone to achieve normal growth for age 
and they suggested that perhaps other 
patients with Russell-Silver syndrome 
and growth hormone deficiency might 
require increased amounts of growth 
hormone to promote linear growth ac- 
celeration. One must not lose sight of 
the fact, however, that the patient was 
being treated with 1.0 mg of pred- 
nisone daily at 3 years of age when 
growth hormone therapy was begun. 
It is well known that even small doses 
of glucocorticoids—as little as 10 mg of 
cortisone acetate per square meter per 
day orally—can interfere with the ef- 
fects of growth hormone treatment.’ 
This patient’s refractoriness to growth 
hormone might alternatively have 
been treated by stopping prednisone 
treatment. 

ALAN H. Morris, MD 
EDWARD O. REITER, MD 
Department of Pediatrics 
Baystate Medical Center 
Springfield, MA 01199 

1. Cassidy SG, Blonder O, Courtney VW, et al: 
Russell-Silver syndrome and hypopituitarism. 
AJDC 1986;140:155-159. 

2. Spiger M, Jubiz W, Meickle AW, et al: 
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Experience with 35 cases. N Engl J Med 1964; 
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In Reply.—Drs Morris and Reiter 
have stated their concern that cor- 
ticotropin deficiency may have been 
inadequately documented in a child 
with Russell-Silver syndrome and hy- 
popituitarism.’ A prolonged metyra- 
pone test was performed according to 
the method of Limal et al,* in which 
metyrapone was administered orally 
every four hours for six doses; serum 
for cortisol and 11-desoxycortisol mea- 
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surements was obtained at 8 AM, four 
hours after the last dose.’ The post- 
metyrapone serum 11-desoxycortisol 
level was 3.3 g/dL (0.096 pmol/L) in 
our patient, compared with a range 
of 12.5 to 28.2 pg/dL (0.363 to 
0.819 mol/L) in control subjects, 
while the serum cortisol level was 
9 wg/dL (250 nmol/L), compared with 
1.9 to 6.0 wg/dL (50 to 160 nmol/L). In 
the face of well-documented growth 
hormone and thyrotropin deficiencies, 
the history of recurrent episodes of 
prostration, and the toleration of all 
doses of metyrapone, the test was in- 
terpreted as being abnormal. The com- 
ments by Drs Morris and Reiter be- 
speak the difficulty in the clinical 
evaluation of the corticotropin-releas- 
ing factor corticotropin reserve in a 
young child with a potentially life- 
threatening disorder. The response to 
insulin-induced hypoglycemia may 
have clarified the situation, but an 
insulin-tolerance test was deemed to 
be inappropriate in a child with symp- 
tomatic hypoglycemia. In the future, 
evaluation of the corticotropin-releas- 
ing factor/corticotropin axis may be 
made easier by use of the cortico- 
tropin-releasing factor test. 

We are always concerned about the 
possible growth-suppressive effect of 
glucocorticoids in growth hormone- 
deficient children and maintain chil- 
dren on the lowest possible dosage. 
Our patient was receiving glucocor- 
ticoid in a dosage equivalent to 
10 mg/m*/d of cortisone acetate, which 
is 50% of the physiological replace- 
ment.’ The optimal dosage of glucoeor- 
ticoid therapy for hypopituitary chil- 
dren, and whether or not increasing 
the dose of growth hormone can over- 
come glucocorticoid-induced growth 
suppression, remain matters of contro- 
versy.‘ Although a reduction of the 
glucocorticoid dosage might be pref- 
erable to increasing the growth hor- 
mone dosage, the availability of bio- 
synthetic growth hormone should 
permit the evaluation of additional 
growth hormone in children for whom 
the glucocorticoid dosage cannot be 
reduced without untoward effects. 

SUZANNE B. Cassipy, MD 

DENNIS E. CAREY, MD 

The University of Connecticut 
Health Center 

Farmington, CT 06032 
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Failure of High Calcium and 
Phosphorus Supplementation 
in the Prevention of Rickets 
of Prematurity 


Sir.—Several investigators have re- 
cently reported the preliminary re- 
sults of the use of calcium (Ca) and 


phosphorus (P) supplements to pre- 


vent Ca and P deficiency and to im- 
prove bone mineralization for small 
preterm infants fed their own mothers’ 
milk (OMM).'* We report the failure of 
prevention of rickets and severe bone 
demineralization in an extremely low- 
birth-weight infant despite the use of 
high Ca and P formula added to OMM. 


Patient Report.—A 660-g female neonate 
was delivered at 30 weeks’ gestation for 
severe maternal preeclampsia. Her Apgar 
scores were 2 and 4 at one and five minutes, 
respectively. She required ventilator sup- 
port for 50 days and a further 45 days of 
oxygen therapy. Nutritional support in- 
cluded total and supplementary parenteral 
nutrition for ten days. Feeding by the 
“bolus” gavage technique with OMM was 
commenced at age 9 days and reached 
150 mL/kg/d or greater from 17 days. She 
regained her birth weight by 17 days of age. 

At the discretion of the attending physi- 
cian, this infant was given a combination of 
OMM and SSC (Similac Special Care, 
68 keal/dL [2860 kJ/L], Ross Laboratories, 
with a stated content of 1200 mg/L of Ca, 
600 mg/L of P, and 1000 IU/L of vitamin D) 
at 1:1 ratio by volume and maintained at the 
same volume ratio from age 40 days until 88 
days, ie, a total of seven weeks. The SSC 
was shaken prior to each bolus gavage 
feeding. Assuming that OMM has an aver- 
age content of 300 mg/L of Ca, 180 mg/L of 
P, and 50 IU/L of vitamin D,’ the intake of 
Ca, P, and vitamin D from the milk mixture 
with SSC supplementation was 135 mg/kg/d, 
70 mg/kg/d, and 94 IU/kg/d, respectively. 
Additional ergocalciferol supplementation 
of 200 IU/d was given between 14 days and 
61 days of age, and thereafter, 400 IU daily. 
This infant received four doses (1 to 
2 mg/kg) of furosemide as short-term ther- 
apy for cardiac failure but received none 
subsequent to patent ductus arteriosus 
ligation. She did not receive phenobarbital 
or theophylline therapy. 

A roentgenogram to “screen” for rickets 
done at age 93 days (five days after the 
seven weeks of fortified human milk feed- 
ing) showed marked bone demineraliza- 
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Left forearm roentgenograms of patient. 
Left, At 93 days, cupping and fraying of 
metaphyses consistent with rickets was 
seen. Patient had received seven weeks of 
high calcium and phosphorus formula and 
own mothers milk at 1:1 volume ratio prior to 
development of rickets. Right, At 193 days, 
rachitic changes had resolved, with well- 
defined metaphyses and reappearance of 
Laval-Jeantet ring (arrowhead), cylindrical 
zone situated between junction cartilage 
and beginning of metaphyseal narrowing, 
reported to be absent in presence of rickets 
and present in normal infants, at distal 
radius after 15 weeks of unfortified own 
mother’s milk. 


tion, with cupping and fraying of the meta- 
physis of the distal radius, consistent with 
rickets (Figure, left). No clinical signs of 
rickets were noted. Laboratory studies 
yielded the following values: serum Ca 
level, 9.7 mg/dL (2.42 mmol/L); serum 
magnesium (Mg) level, 2.3 mg/dL 
(0.95 mmol/L); serum 25-hydroxyvitamin 
D (25-OHD) level, 38 ng/mL (95 nmol/L); 
and serum 1,25-dihydroxyvitamin D 
(1,25[0H];D) level, 108 pg/mL (257 pmol/L). 
The serum P concentration was slightly low 
(4.8 mg/dL [1.55 mmol/L]). Three serum 
alkaline phosphatase (AP) concentrations 
were elevated; they were 540, 600, and 
620 IU/L at 38, 57, and 58 days of age, 
respectively. The latter two AP values were 
obtained during SSC supplementation. 
From our laboratory, the normal ranges for 
serum concentrations of Ca, Mg, P, AP, 
25-OHD, and 1,25(OH),D in the first year of 
life in term infants are 8.5 to 11 mg/dL 
(2.12 to 2.74 mmol/L), 1.5 to 2.5 mg/dL (0.62 
to 1.04 mmol/L), 5 to 8 mg/dL (1.61 to 
2.58 mmol/L), less than 400 IU/L at 30°C, 11 
to 66 ng/mL (28 to 165 nmol/L), and 16 to 
116 pg/mL (38 to 276 pmol/L), respectively. 

Clinically, the infant was well and re- 
ceived OMM alone from day 88. She was 

é * 
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discharged home at 123 days. She continued 
to be fully breast-fed for ten months and 
received 400 IU of ergocalciferol per day. 
At age 193 days, an x-ray film (Figure, 
right) showed healed rickets and improved 
bone mineralization. The metaphyses were 
well defined, and the Laval-Jeantet ring, a 
cylindrical zone situated between the junc- 
tion cartilage and the beginning of the 
metaphyseal narrowing, had reappeared at 
the distal radius. The Laval-Jeantet ring 
was reported to be absent in the presence of 
rickets and present in normal infants.* Lab- 
oratory investigations at age 200 days 
showed the following normal serum values: 
Ca, 10 mg/dL (2.50 mmol/L); Mg, 2.3 mg/dL 
(0.96 mmol/L); AP, 488 IU/L; 25-OHD, 
60 ng/mL (150 nmol/L). The serum 
1,25(0H),D level remained high, at 
161 pg/mL (388 pmol/L). The serum P level 
remained borderline low at 4.5 mg/dL 
(1.45 mmol/L). Renal tubular reabsorption 
of (TRP) remained high at greater than 
99%, and urine Ca-creatinine (Cr) ratios 
were 1.05 and 1.16 at 151 days and 200 days 
of age, respectively. The reported normal 
urine Ca-Cr ratio for preterm infants be- 
yond 2 weeks of age is less than 0.81.5 

Both parents are well with normal physi- 
ques, and there was no family history of 
skeletal or endocrine disorders. 


Comment.—This is the first known 
report that a “reasonable” period of 
high Ca and P formula supplementa- 
tion of human milk failed to prevent the 
development of rickets and severe 
bone demineralization in an extremely 
low-birth-weight infant. In our pa- 
tient, the Ca and P intake was in the 
range equivalent to that achieved 
when OMM is fortified with Ca and P 
supplements,’ and the period of forti- 
fied Ca and P intake was comparable 
with that of other studies.” 

The relatively low serum P concen- 
tration (4.5 mg/dL [1.45 mmol/L]) and 
consistently high TRP (>99%) indi- 
cate maximal physiologic compen- 
satory response in conserving P, and 
that the P intake was at best marginal. 
The elevated urine Ca-Cr ratios in this 
infant support the contention that hy- 
percalciuria associated with hypo- 
phosphatemia’® can aggravate a poten- 
tial Ca deficiency. 

Other factors that may predispose to 
the development of rickets did not ap- 
pear to be important in this in- 
fant. Supplementation with 400 IU/d 
of ergocalciferol appeared to be 
adequate to maintain normal serum 
25-OHD and 1,25(0H),D concentra- 
tions in our patient, and thus to main- 
tain normal vitamin D metabolism. 
This infant did not receive long-term 
diuretic therapy, and chronic respira- 
tory insufficiency alone has not been 


reported to be causally associated with 
rickets. Furthermore, small-for-ges- 
tational age infants such as our patient 
do not appear to have impaired Ca 
absorption or retention.°® 
The clinical course of this infant 
clearly documents the potential for 
spontaneous resolution of roentgeno- 
graphic rickets in the small preterm 
infant, although the mechanism in- 
volved in this process is not defined. 
We speculate that the further eleva- 
tion of the serum 1,25(OH).,D concen- 
tration and the persistently elevated 
TRP may reflect the appropriate phys- 
iologic adaptations to maximize the 
absorption and retention of the low Ca 
and P content of OMM, and the resul- 
tant gradual cumulative provision of 
minerals with time may have contrib- 
uted to the resolution of rickets. Sup- 
plementation of Ca and P in an in- 
creased amount or over a longer period 
may be needed to prevent the develop- 
ment of rickets and bone demineraliza- 
tion in extremely low-birth-weight 
infants. 
WINSTON W. K. Koo, 
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Department of Pediatrics 
University of Cincinnati 
College of Medicine 
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Vancomycin Pharmacokinetics 
in Neonates 


Sir.—We read with interest the article 
by Naqvi et al’ regarding vancomycin 
pharmacokinetics in neonates. We 
would like to focus on the important 
effect of indomethacin use on van- 
comycin disposition in neonates. 

We have treated numerous neonates 
with vancomycin for Staphylococcus 
epidermidis infections. Each neonate 
receives a vancomycin loading dose of 
15 to 20 mg/kg administered intra- 
venously over one hour. A postloading 
dose peak and trough serum concen- 
tration value are obtained before the 
first maintenance dose is given. 
Pharmacokinetic variables, volume of 
distribution, and half-life are then cal- 
culated using a one-compartment 
pharmacokinetic model. 

Eleven neonates with postconcep- 
tional ages of less than 35 weeks are 
the subject of this letter. The group 
was subdivided into six neonates with 
patent ductus arteriosus (PDA) 
treated with indomethacin and five 
control neonates without PDA who did 
not receive indomethacin. The charac- 
teristics of the neonates and their van- 
comycin pharmacokinetic variables 
are summarized in the Table. 

The mean half-life in the indometha- 
cin-treated group was markedly pro- 
longed compared with that of the non- 
indomethacin group—24.6 and 7.0 
hours, respectively. The volume of dis- 
tribution was also increased in the 
indomethacin group (0.74 L/kg) vs the 
nonindomethacin group (0.48 L/kg). 

Impaired elimination of renally 
cleared drugs in neonates treated with 
indomethacin has previously been sus- 
pected for gentamicin, amikacin, and 
digoxin’ with consequent elevation in 
serum drug concentrations. In light of 
the markedly prolonged half-life, it is 
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Age, Mean+SEM 
(Range) 
PC, wk PN, d 


29.0+2.0 6.5+6.1 
(27.5-33) (1-14) 


32.0+2.0 
(30-34.5) (3-35) 


PDA and 
indomethacin 


Non-PDA 
controls 


Vd, L/kg 


0.71 +0.36 
(0.48-1.43) 


14.8+14.9 0.48+0.17 
(0.28-0.74) 


Pharmacokinetic Variables, 
Mean + SEM (Range) 


Serum Clearance, 
mL/kg/h 
23+9.0 
(8.0-36.0) 
54+34 
(22-107) 


Half-life, 
h 


24.6+12.4 
(14.4-46.2) 


7.0+1.8 
(4.8-9.0) 





*PC indicates postconceptional age; PN, postnatal age; Vd, volume of distribution; and PDA, patent 


ductus arteriosus. 


likely that once-daily doses of van- 
comycin would suffice for neonates 
with PDA treated with indomethacin. 
The maintenance dose should be re- 
duced to approximately half of that in 
nonindomethacin-treated patients. 
Due to vancomycin’s altered phar- 
macokinetics in this subpopulation of 
indomethacin-treated patients with 
PDA and to our current inability to 
predict the duration of this interac- 
tion, careful serum concentration 
monitoring is warranted. 
J. MICHAEL SPIVEY 
PETER GAL, PHARMD 
The Moses H. Cone 
Memorial Hospital and 
Greensboro Area Health 
Education Center 
1200 N Elm St 
Greensboro, NC 27401 
1. Naqvi SH, Keenan WJ, Reichley RM, et al: 
Vancomycin pharmacokinetics in small, seriously 
ill infants. AJDC 1986;140:107-110. 
2. Zarfin Y, Koren G, Maresky D, et al: Possi- 


ble indomethacin-aminoglycoside interaction in 
preterm infants. J Pediatr 1985;106:511-518. 


In Reply.—We agree with Mr Spivey 
and Dr Gal regarding vancomycin 
pharmacokinetics in neonates who re- 
ceive indomethacin therapy. The de- 
cline in glomerular filtration rate 


(GFR) that occurs with indomethacin 
administration has been found to be 
reversible in most cases,’ with diuresis 
over the one to two days immediately 
following discontinuation of the drug. 
This decline is followed by normaliza- 
tion of GFR and subsequent age-re- 
lated increase in GFR over the next 
one to two weeks. 

Four patients in our study received 
indomethacin therapy that had been 
discontinued two to four weeks prior to 
the vancomycin pharmacokinetic 
study. Because of the time that had 
elapsed since the administration of in- 
domethacin, we did not regard it as a 
significant variable in our patients. 
However, the observations of Spivey 
and Gal reemphasize the importance of 
individualized dosing schedules, par- 
ticularly for complicated patients. 

SHEHLA H. Naqvi, MBBS 

WILLIAM KEENEN, MD 

RICHARD REICHLEY 

Department of Pediatrics 

St Louis University 
School of Medicine 

1465 S Grand Blvd 

St Louis, MO 63104 


1. Cifuentes RF, Olley PM, Balfe JW, et al: 
Indomethacin and renal function in premature 


infants with persistent patent ductus arteriosus. 


J Pediatr 1979;95:583-587. 
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References: 1. Goldberg B: Pediatr Ann 13:596-600, 1984. 

2. Cooper SA: Arch Intern Med 141:282-285, 1981. 3. Aspirin or 
paracetamol? Lancet \'287-289, 1981. 4. Data on file, McNeil 
Consumer Products Company. 
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Jennifer's the one with the 
twisted ankle... 


Now everyone can tell the twins apart. 
But they’re still alike to their pediatrician, 
who finds that one treatment is very 
effective for minor injuries in adolescents: 
a regimen of local therapy* for the 
inflammation,’ and Junior Strength 
TYLENOL® acetaminophen for the pain. 
One reason their pediatrician 

chooses TYLENOL® acetaminophen first 
for pain relief is that clinical studies have 
proven it to be, milligram for milligram, 
every bit as effective as aspirin.” 

Composite time-effect curves of two studies of a total 


of 177 patients with pain following oral surgery. Patients 
took either acetaminophen, aspirin or placebo." 


aetaminovhen 650 mg 
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And, there are few side effects such as 
GI irritation or allergic reactions—side 
effects associated with aspirin use.’ 

TYLENOL>® products also offer a 
dosage form that’s right for every patient. 
For children between the ages of 6 and 
14,* 160 mg Junior Strength TYLENOL® 
swallowable tablets are often 
recommended. Children need only half 
as many Junior Strength TYLENOL® 
tablets as chewables, and they’re easy 
to swallow. 

So patients get effective pain relief 
without aspirin side effects, in a dosage 
form that is just right. Next time 
adolescents in your practice are in pain, 
recommend Junior Strength TYLENOL” 
acetaminophen. 


*Local therapy often encompasses rest, ice, compressior 
and elevation. ' 


JUNIOR STRENGTH 


160 mg acetaminophen 


SWALLOWABLE TABLETS 


first choice for pain in the 6-14 year old 





Dental Caries 
Can Be Reduced 
50-80% 


Developing primary and permanent 
teeth supplied with systemic fluoride are 
so much stronger that later caries can be 
reduced 50-80%. ° 


Since pre-eruptive and 
newly erupted teeth 
incorporate fluoride 
more easily than older 
teeth, systemic fluoride 
is required every day— 
from birth until final 
molars appear (around 
age 13). 


After teeth appear, 

systemic and topical 
fluoride work together 
for maximum pro- 
tection from caries. 
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Vi-Flor® Vitamin/ 
Fluoride Combination 
Enhances Compliance 





Daily vitamins already containing flu- 
oride make compliance easy and econom- 
ical for parents. 


Regular fluoride up- 
dates in the office 
remind parents of 
the importance of 
daily systemic 
fluoride. 





Meet the growing need for fluoride. 
Prescribe Vi-Flor 
fluoride vitamins. 


See attached statement for full prescribing information. 


Mead Omen 


NUTRITIONAL DIVISION 
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= Aasenden R and Peebles T: Effects of Fluoride Sı uppa entation From Birth on Human 

E Deciduous and Permanent Teeth. Arch Oral Biol 19 1974 
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Routine VI-FLOR” 
supplementation Preserve valuable 


to help you guard appropriate 


S Oo 
patients against caries risk and scientific 
nutritional risk. o è 
INDICATIONS AND USAGE: Prophylaxis of vitamin infi rmati 
deficiencies and dental caries in children and adults when O on 
fluoride of water supply does not exceed 0.7 ppm.'?” 
And, in the case of TRI-VI-FLOR® 0.25 mg Drops with 





Iron and POLY-VI-FLOR® Drops and Chewable Tablets wi i 
ae pes proponens against won deficiencies. Note: ith these special 
-FLOR Drops do not contain folic acid because the ° 
Vitamin is not stable in liquid form. AJDC binders and cases 


PRECAUTIONS: Do not exceed recommended dose 
or give concurrently with other medications containing 


nan amounts of fluoride. Prolonged excessive Preserve your issues of AJDC conveniently and 
uoride intake may cause dental fluorosis. All VI-FLOR a £ à Á 

with Iron products: as with all products containing iron, attractively with these specially designed holders. 
parents should be warned against excessive dosage. > r 

The bottle should be kept out of reach of children. Choose binder or case style; each holds 12 issues. 
Keep all VI-FLOR with Iron products tightly closed and i b> : 

A kom dest Wht g Featuring gold stamped lettering, on blue to 
VI-FLOR Drops should be dispensed in the original plastic match your journal cover. 

container, since contact with glass leads to instability and 

precipitation. 

ADVERSE REACTIONS: Allergic rash has rarely been 

reported. OE SR FE NT AI A = 


DOSAGE AND ADMINISTRATION: 
Supplemental Fluoride Dosage Schedule (mg/day)* 














Age Concentration of Fluoride 


is Wasim For convenient reference, 


get this attractive 


cen tae ee ATA 


ee a Ae library binder in 
2 wk-2 yr" 0.25 0 0 : 
2-3 yr 05 0.25 0 leatherette covering. 
3-16 yr 1.0 0.5 0 





*From the American Academy of Pediatrics Committee 
on Nutrition statement, Fluoride Supplementation: 
Revised Dosage Schedule. Pediatrics 63(1):150-152, 
1979. 


"The Committee favors initiating fluoride supplemen- 
tation shortly after birth in breast-fed infants (0.25 mg 
Fiday). In formula-fed infants, fluoride supplementation 
should be according to the fluoride content of the water 
used to prepare formula. 


FLUORIDE 
PRODUCT FORM SIZE mg/dose 


POLY-VI-FLOR Drops 50 ml Bottle 0.25 
0.25 mg 

POLY-VI-FLOR Drops 50 ml Bottle 0.25 
0.25 mg with Iron 


POLY-VI-FLOR Drops 50ml Bottle 0.5 Easy-to-shelve, this library 
om è 

POLY-VI-FLOR Drops 50 mli Bottle 0.5 style case is durable 

0.5 mg with Iron = 

POLY. VL-FLOR Tablets Bottleof100 0.5 and lasting. 


0.5 mg meni 
POLY-VI-FLOR Tablets Bottleof100 0.5 tt 
0.5 mg with Iron z Haritik 

POLY-VI-FLOR Tablets Bottle of 100 1.0 - " 


To order yours today, 
just complete and 


1.0 
POLY-VI-FLOR Tablets Bottleof 100 1.0 mail this coupon. 


1.0 mg with Iron 

TRI-VI-FLOR Drops 50 ml Bottie 0.25 
0.25 mg 

TRI-VI-FLOR Drops 50 ml Bottle 0.25 
0.25 mg with Iron 

TRI-VI-FLOR Drops 50 ml Bottle 0.5 





0.5 mg 
TRI-VI-FLOR Tablets Bottle of 100 1.0 
1.0 mg 
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(cromolyn sodium inhalation aerosc)) 


DESCRIPTION: The active ingredient of 
INTAL Inhaler is cromolyn sodium. Cromalyn 
sodium is the disodium salt of 1, 3 bis (2- 
carboxychromon-5-yloxy)-2-hydroxypropane. 
Cromolyn sodium has a molecular weight of 
512.34. Cromolyn sodium is soluble in water. 
The molecular structure of cromolyn sodiumis: 
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INTAL Inhaler is a metered dose aerosol 
unit for oral inhalation containing micronized 
cromolyn sodium, sorbitan trioleate with di- 
chlorotetrafluoroethane and dichlorodifluoro- 
methane as propellants. Each metered spray delivers to the patient approximately 800 mcg of cromolyn sodium. 
Each 8.1g canister delivers at least 112 metered sprays (56 doses); each 14.2g canister delivers at least 200 
metered sprays (100 doses). 
Pharmacological Category: Mast cell stabilizer/antiallergic. 
Therapeutic Category: Prophylactic antiasthmatic; reduces bronchial hyperreactivity. 
CLINICAL PHARMACOLOGY: /n vitro and in vivo animal studies have shown that cromolyn sodium in- 
hibits sensitized mast cell degranulation which occurs after exposure to specific antigens. Cromolyn sodium 
acts by inhibiting the release of mediators from mast cells. Studies show that cromolyn sodium indirectly blocks 
calcium ions from entering the mast cell, thereby preventing mediator release. 

Cromolyn sodium inhibits both the immediate and non-immediate bronchoconstrictive reactions to inhaled 
antigen. Cromolyn sodium also attenuates bronchospasm caused by exercise, toluene diisocyanate, aspirin, 
cold air, sulfur dioxide and environmental pollutants, at least in some patients. 

Cromolyn sodium has no intrinsic bronchodilator, antihistaminic or anti-inflammatory activity. 

After administration of cromolyn sodium capsules by inhalation, approximately 8% of the total dose adminis- 
tered is absorbed and rapidly excreted unchanged, approximately equally divided between urine and bile. The 
remainder of the dose is either exhaled or deposited in the oropharynx, swallowed, and excreted via the alimen- 
tary tract. 

INDICATIONS AND USAGE: INTAL Inhaler is a prophylactic agent indicated in the management of pa- 
tients with bronchial asthma. 

In patients whose symptoms are sufficiently frequent to require a continuous program of medication, INTAL 
Inhaler is given by inhalation on a regular daily basis (see Dosage and Administration). The effect of INTAL Inhaler 
is usually evident after several weeks of treatment, although some patients show an almost immediate response. 

If improvement occurs, it will ordinarily occur within the first 4 weeks of administration as manifested by a 
decrease in the severity of clinical symptoms of asthma, or in the need for concomitant therapy, or both. 

In patients who develop acute bronchoconstriction in response to exposure to exercise, toluene diisocyanate, 
environmental pollutants, known antigens, etc., INTAL Inhaler should be used shortly before exposure to the 
precipitating factor, i.e., within 10-15 minutes but not more than 60 minutes (see Dosage and Administration). 
INTAL Inhaler may be effective in relieving bronchospasm in some. but not all, patients with exercise induced 
bronchospasm. 

CONTRAINDICATIONS: INTAL inhaler is contraindicated in those patients who have shown hypersensitiv- 
ity to cromolyn sodium or other components. 

WARNINGS: INTAL Inhaler has no role in the treatment of an acute attack of asthma, espe- 
cially status asthmaticus. Severe ana 


develops 
eosinophilic pneumonia (or pulmonary infiltrates with eosinophilia). Because of the propel- 
lants in this preparation, it should be used with caution in patients with coronary artery dis- 
ease or a history of cardiac arrhythmias. 

PRECAUTIONS: General: In view of the biliary and renal routes of excretion for cromolyn sodium, consid 
eration should be given to decreasing the dosage or discontinuing the administration of the drug in patients with 
impaired renal or hepatic function. 

Occasionally, patients may experience cough and/or bronchospasm following cromolyn sodium inhalation. At 

times, patients who develop bronchospasm may not be able to continue administration despite prior bron- 
chodilator administration. Rarely, very severe bronchospasm has been encountered. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long term studies in mice (12 months intra 
peritoneal treatment followed by 6 months observation), hamsters (12 months intraperitoneal treatment followed 
by 12 months observation), and rats (18 months subcutaneous treatment) showed no neoplastic effect of cromo- 
lyn sodium. 

No evidence of chromosomal damage or cytotoxicity was obtained in various mutagenesis studies. 

No evidence of impaired fertility was shown in laboratory animal reproduction studies. 

Pregnancy: Pregnancy Category B. Reproduction studies with cromolyn sodium administered parenterally to 
pregnant mice, rats, and rabbits in doses up to 338 times the human clinical doses produced no evidence of 
fetal malformations. Adverse fetal effects (increased resorptions and decreased fetal weight) were noted only 
at the very high parenteral doses that produced maternal toxicity. There are, however, no adequate and well- 
controlled studies in pregnant women. Because animal reproduction studies are not always predictive of 
human response, this drug should be used during pregnancy only if clearly needed. 

Drug Interaction During Pregnancy: Cromolyn sodium and isoproterenol were studied following sub- 
Cutaneous injections in pregnant mice. Cromolyn sodium alone in doses of 60 to 540 mg/kg (38 to 338 times 
the human dose) did not cause significant increases in resorptions or major malformations. Isoproterenol alone 
at a dose of 2.7 mg/kg (90 times the human dose) increased both resorptions and malformations. The addition 
of cromolyn sodium (338 times the human dose) to isoproterenol (90 times the human dose) appears to have 
increased the incidence of both resorptions and malformations. 

Nursing Mothers: It is not known whether this drug is excreted in human milk, therefore, caution should be 
exercised when INTAL Inhaler is administered to a nursing woman and the attending physician must make a 
benefit/risk assessment in regard to its use in this situation. 


© Fisons Corporation 1986 


Pediatric Use: Safety and effectiveness in children below the age of 5 years have not been established. For 
young children unable tovutilize the Inhaler, INTAL Nebulizer Solution is recommended. Because of the possibility 
that adverse effects of this drug could become apparent only after many years, a benefit/risk consideration of 
the long-term use of INTAL Inhaler is particularly important in pediatric patients. 


ADVERSE REACTIONS: In controlled clinical studies of INTAL Inhaler, the most frequently reported adverse 
reactions attributed to cromolyn sodium treatment were: throat irritation or dryness, bad taste, cough, wheeze, 
nausea. 

The most frequently reported adverse reactions attributed to other forms of cromolyn sodium (on the basis 
of reoccurrence following readministration) involve the respiratory tract and are: bronchospasm [sometimes 
severe, associated with a precipitous fall in pulmonary function (FEV:)], cough, laryngeal edema (rare), nasal 
congestion (sometimes severe), pharyngeal irritation and wheezing. 

Adverse reactions which occur infrequently and are associated with administration of the drug are: anaphylaxis, 
angioedema, dizziness, cysuria and urinary frequency, joint swelling and pain, lacrimation, nausea and headache, 
rash, swollen parotid gland, urticaria, pulmonary infiltrates with eosinophilia, substernal burning, and myopathy. 

The following adverse-reactions have been reported as rare events and it is unclear whether they are attrib- 
utable to the drug: anema, exfoliative dermatitis, hemoptysis, hoarseness, myalgia, nephrosis, periarteritic vas- 
culitis, pericarditis, peripheral neuritis, photodermatitis, sneezing, drowsiness, nasal itching, nasal bleeding, nasal 
burning, serum sickness. stomach ache, polymyositis, vertigo, and liver disease. 

OVERDOSAGE: No action other than medical observation should be necessary. 


DOSAGE AND ADMINISTRATION: For management of bronchial asthma in adults and children (5 years 
of age and over) who are able to use the Inhaler, the usual starting dosage is two metered sprays inhaled four 
times daily at regular intervals. This dose should not be exceeded. Not all patients will respond to the recom- 
ORE ocan and Coes ka ee ENOR pa that a lower dose may provide 
efficacy. 

Patients with chronic asthma should be advised that the effect of INTAL Inhaler therapy is dependent upon 
its administration at regular intervals, as directed. INTAL Inhaler should be introduced into the patient's therapeu- 
tic regimen when the acute episode has been controlled, the airway has been cleared and the patient is able to 
inhale adequately. 

For the prevention of acute bronchospasm which follows exercise, exposure to cold dry air or environmental 
agents, the usual dose is inhalation of two metered dose sprays shortly, i.e., 10-15 minutes but not more than 
60 minutes, before exposure to the precipitating factor. 


INTAL INHALER THERAPY IN RELATION TO OTHER TREATMENTS FOR ASTHMA: Non-steroidal agents: INTAL 
Inhaler should be added to the patient's existing treatment regimen (e.g., bronchodilators). When a clinical 
response to INTAL Inhaler is evident, usually within two to four weeks, and if the asthma is under good control, 
an attempt may be made to decrease concomitant medication usage gradually. 

If concomitant medications are eliminated or required on no more than a prn basis, the frequency of adminis- 
tration of INTAL Inhaler may be titrated downward to the lowest level consistent with the desired effect. The 
usual decrease is from four to three to two inhalations of two sprays per day. It is important that the dosage be 
reduced gradually to avoid exacerbation of asthma. It is emphasized that in patients whose dosage has been 
titrated to fewer than four inhalations per day, an increase in the dosage of INTAL Inhaler and the introduction 
of, or increase in, symptomatic medications may be needed if the patient's clinical condition deteriorates. 
Corticosteroids: In patients chronically receiving corticosteroids for the management of bronchial asthma, the 
dosage should be maintained following the introduction of INTAL Inhaler. If the patient improves, an attempt to 
decrease corticosteroids should be made. Even if the corticosteroid-dependent patient fails to show sympto- 
matic improvement following INTAL Inhaler administration, the potential to reduce corticosteroids may nonethe- 
less be present. Thus, gradual tapering of corticosteroid dosage may be attempted. It is important that the dose 
be reduced slowly, maintaining close supervision of the patient to avoid an exacerbation of asthma. 

It should be borne in mind that prolonged corticosteroid therapy frequently causes an impairment in the activity 
of the hypothalamo-pituitary-adrenal axis and a reduction in the size of the adrenal cortex. A potentially critical 
degree of impairment or insufficiency may persist asymptomatically for some time even after gradual discontinu- 
ation of adrenocortical steroids. Therefore, if a patient is subjected to significant stress, such as a severe asth- 
matic attack, surgery, trauma or severe illness while being treated or within one year (occasionally up to two 
years) after corticosteroid treatment has been terminated, consideration should be given to reinstituting cortico- 
steroid therapy. When respiratory function is impaired, as may occur in severe exacerbation of asthma, a tempo- 
rary increase in the amount of corticosteroids may be required to regain control of the patient's asthma. 

It is particularly important that great care be exercised if for any reason cromolyn sodium is withdrawn in cases 
where its use has permitted a reduction in the maintenance dose of corticosteroids. In such cases, continued 
close supervision of the patient is essential since there may be sudden reappearance of severe manifestations 
of asthma which will require immediate therapy and possible reintroduction of corticosteroids. 


HOW SUPPLIED: INTAL Inhaler, 81g or 14.2g canister, box of one. Supplied with inhalation adapter and 
patient instructions. 

NDC 0585-0675-01 14.2g canister NDC 0585-0675-02 81g canister 

Store between 2° - 30°C (36° - 86°F). Contents under pressure. Do not puncture or incinerate. Keep out of 
the reach of children. 
CAUTION: Federal law prohibits dispensing without prescription. 
By: Riker Laboratories 


Manufactured for: FISONS CORPORATION One Moriey Street 
BEDFORD, MA 01730 U.S.A. Loughborough, England LE11 1EP 
© Fisons Corporation 1985—All Rights Reserved Made in England Issued 12/85 
INTAL*® is a registered trademark of Fisons plc. FC 7518 
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__First-line therapy for the day-to-day 
management of chronic asthma 
________ First-line therapy for use shortly before exer- 
cise or exposure to environmental irritants 
— Significant reduction in asthma symptoms in 
both adults and children '* 
— Excellent record of safety common to all 
forms of INTAL' * 
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Editorial 


Review of “The Dilemma of the 
Multicystic Dysplastic Kidney’ 


The patient reports and review of the 

literature presented by Hartman 
et al' clearly document that multi- 
cystic kidneys are not always persist- 
ent asymptomatic masses. Clearly, 
they can be associated with significant 
morbidity. The natural history of re- 
tained multicystic kidney is, as the 
authors state, unclear, since most pal- 
pable multicystic lesions have been 
removed in the past. However, avail- 
able data indicate to me that untoward 
events associated with retaining such 
dysplastic renal units are quite rare, 
and, therefore, a blanket recommen- 
dation for routine removal of all such 
lesions seems extreme. 


See also p 925. 


At our hospital in recent years, pre- 
natal ultrasound examinations have 
identified multicystic kidneys that are 
not palpable at birth. In addition, our 
experience and that of others 
(E. Tank, MD, telephone conversa- 
tion, Jan 15, 1986) suggest that some 
lesions that are palpable at birth 
shrink to minimal proportions when 
followed up for several months 
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sonographically. Thus, many such le- 
sions must have been left in place over 
the years for lack of detection, creating 
a large historical population at risk for 
morbidity associated with retention of 
such kidneys. Yet given this large at- 
risk population, the authors’ own ex- 
haustive literature review identifies 
only five malignant neoplasms, three 
documented causally related cases of 
hypertension, and 14 cases of abdomi- 
nal pain in this group. 

An individualized approach appears 
appropriate when a physician is eon- 
fronted with a multicystic kidney 
(based on firm sonographic criteria 
and nonfunction on ultrasound). This 
approach should recognize that all of 
the facts are not known, but that beth 
surgery and sonographic follow-up of- 
fer the patient and his family low-risk 
options. I would certainly favor surgi- 
cal exploration when results of nonin- 
vasive diagnostic measures are in- 
determinate. Similarly, excision is 
warranted when definitively diag- 
nosed multicystic kidneys remain 
large after several months of sono- 
graphic follow-up. Such anatomically 


abnormal kidneys are at significant 
risk for trauma via the relatively inci- 
dental “bumps” of everyday childhood 
play.” Under other circumstances, I 
feel comfortable ethically and medi- 
colegally in explaining the relative 
risks of either course to concerned 
parents or families and encouraging 
them to participate in the decision as 
to follow-up or surgery without a 
strong recommendation on my part. 
Based on available evidence, the risks 
of such an approach are minimal, and it 
will provide valuable information re- 
garding the natural history of these 
lesions and a rational basis for in- 
formed decision making in the future. 
THOMAS H. STANIsiIc, MD 
Department of Surgery 
University of Arizona 
Health Sciences Center 
1501 N Campbell Ave 
Tueson, AZ 85724 
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and abroad. 





PEDIATRICS TO GERIATRICS? 


There is growing national concern about the oversupply of 
pediatricians for a declining population of children and the under- 
supply of geriatricians for a rapidly growing elderly population. 
The pediatric oversupply problem could be met by training fewer 
pediatricians and/or encouraging some pediatricians to change 
their field of practice. This commentary will address the latter 
option. Some pediatricians might choose to leave pediatrics, train 
in geriatrics, and subsequently become geriatricians. Are there 
sufficient similarities between the patients, the specialties, and 
the providers to make this a reasonable suggestion? 

The young and the old both experience rapid physical and 
psychological changes. Developmental challenges that result from 
these changes are similar for the young and for the elderly. The 
major challenges center on identity, independence, and control. 

Identity for adolescents and for the elderly focuses on their 
physical and psychological identities. Both the young and the old 
are making accommodations to major changes in their identities. 
Independence for the young and for the old is conceptually similar 
but is in different directions. The dependent child gradually 
becomes an independent adult. The once-independent elderly 
person becomes dependent as a result of physical and/or psycholog- 
ical incapacity. 

Independence and control are closely related, as independent 
people are often in control of their lives. One-year-old children who 
are just beginning to walk have more control over their worlds than 
they did prior to walking. Parents of children are challenged to 
consider how much independence and control their children can 
handle without harm. The elderly often struggle to stay in control 
of their lives as they become dependent. Adult children of elderly 
parents are also challenged to consider how much independence 
and control their parents can manage without harm. 

Pediatricians and geriatricians are developmentally oriented 
physicians who relate to dependent persons, persons who have 
deficits, and persons who may be limited in their verbal communi- 
cation. A willingness to accept what is inevitable (for pediatricians, 
helping young people and their families cope with the children’s 
individuation, successes, and failures; and for geriatricians, help- 
ing elderly people and their families adjust to the elderly person’s 
gradual decline in health and ultimate death) is eritical to both 
specialists. 

The nature of the medical problems and therapeutic regimens of 
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the young and the old are different, but, within these differences, 
similarities do exist. For example, the major cardiovascular prob- 
lems of children are congenital, and the major cardiovascular 
problems of the elderly are degenerative, but the basic principles 
of the pathophysiologic nature of the heart are similar, regardless 
of age. The therapeutic principle of reducing the dosages of certain 
medications in a child with an immature liver or an older person 
with a failing liver is similar. Pediatricians would have to learn 
about the specific disease processes of the old as well as appropri- 
ate therapeutics in the elderly, but since most pediatricians have a 
basic understanding of the principles of the pathophysiologic 
nature of disease and therapeutics in developing persons, applica- 
tion of these principles to the elderly should not be difficult. 

The unresolved question is whether the similarities between the 
patients, the specialties, and the providers are great enough for 
some pediatricians to retrain to become geriatricians, or whether 
the differences between the specialties are too great for this to be 
possible. Some believe the medical conditions, their treatment, 
and the natures of the specialties are too different to retrain 
pediatricians as geriatricians. Indeed, some even believe that the 
medical conditions are so different between the specialties that 
interested pediatricians would have to take the additional training 
of a three-year internal medicine residency and a two-year fel- 
lowship in geriatrics to be adequately trained to care for the 
elderly. Most interested pediatricians would not do so. This latter 
premise, however, assumes that pediatricians have little knowl- 
edge of the principles of general medicine, pathophysiology, and 
therapeutics, an assumption that could be challenged. 

Both differences, the former one of attitude and the latter one of 
knowledge, could be addressed by formal educational programs of 
a reasonable duration (one to two years), utilizing a curriculum that 
builds on the similarities of the knowledge bases of pediatrics and 
geriatrics. These programs might stress the strengths of success- 
ful aging in addition to considering illness and death. 

Certain pediatricians, indeed, may find the concept of pediatri- 
cians retraining as geriatricians particularly appealing, because 
the concept intrinsically makes sense, because they are seeking 
professional change, or because they are at a stage in their lives 
when termination and death are not frightening but are seen as 
part of the continuum of life and, thus, intrinsically have dignity. 
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Diphtheria, Tetanus, and Pertussis Vaccine 


A Comparison of the Immune Response and Adverse Reactions 


è Although the conventional Borde- 
tella pertussis vaccine, which consists 
of killed whole organisms, has been 
shown to be effective in preventing dis- 
ease, it has been associated with tran- 
sient local and systemic reactions and 
may produce encephalopathy, though 
rarely. A new acellular pertussis vaccine 
containing partially purified protein anti- 
gens, filamentous hemagglutinin, and 
lymphocytosis-promoting factor he- 
magglutinin has been developed for use 
in Japan. We compared the immu- 
nogenicity and reactogenicity of con- 
ventional and acellular pertussis vac- 
cine. Forty children aged 4 to 6 years and 
40 children aged 18 to 24 months, all 
previously immunized at appropriate 
times with conventional diphtheria and 
tetanus toxoids and pertussis vaccine, 
were enrolled. We randomly assigned 
children to receive either conventional 
pertussis vaccine or acellular pertussis 
vaccine in a double-blind fashion. The 
diphtheria and tetanus components in 
both preparations were identical. Equiv- 
alent rises in pertussis agglutinin titers 
and antibodies to filamentous hemag- 
glutinin and lymphocytosis-promoting 
factor hemagglutinin were measured in 
both vaccine groups at both ages that we 
studied. However, reaction rates to the 
two vaccines in both age groups were 
strikingly different. Acellular pertussis 
vaccine was significantly less reac- 
togenic for fever, pain, fretfulness, ab- 
normal gait, and local reactions at the 
vaccine administration site. If studies in 
progressively younger children confirm 
its reduced reactogenicity and equal im- 
munogenicity, and if large-scale trials 
indicate its efficacy, the acellular per- 
tussis vaccine may be a more appropri- 
ate candidate than the current vaccine. 

(AJDC 1986;140:867-871) 
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to Conventional and Acellular Pertussis Components 


Kathryn M. Edwards, MD; Eileen Lawrence, FNC; Peter F. Wright, MD 


remarkable reduction in the inci- 
dence of pertussis has been at- 
tributed to the immunization of young 
children with conventional killed 
whole-cell pertussis vaccine.’* Tran- 
sient local and systemic reactions to 
the current vaccine and rare central 
nervous system reactions temporally 
associated with vaccination, however, 
have stimulated research on a purified 
component vaccine.* We report here 
the encouraging results of a random- 
ized, double-blind study that compared 
the immune responses and adverse 
reactions to the conventional whole- 
cell pertussis vaccine with those to a 
new acellular pertussis vaccine. 
Progress toward the developmert of 
less reactogenic vaccines has focused 
on the isolation and characterization of 
protective antigens and toxic compo- 
nents of Bordetella pertussis.°* Two 
purified proteins from the Bordetella 
organism are prime candidates for in- 
clusion in an acellular vaccine. These 
proteins, filamentous hemagglutinin 
(FHA) and lymphocytosis-promoting 
factor hemagglutinin (LPF), also 
termed pertussis toxin, have been iso- 
lated and shown to induce protective 
antibodies when used to immunize 
mice.” Filamentous hemagglutinin is 
believed to be involved in the adher- 
ence of B pertussis to ciliated respira- 
tory cells.” An exotoxin released by 
the bacteria, LPF is believed to medi- 
ate many of the biologic reactions to 
pertussis seen in mice. These include 
increased host susceptibility to his- 
tamine, hyperinsulinemia, lympho- 
leukocytosis, and potentiation of zhe 
immune response. Acellular vaccines 
containing partially purified LPF and 
FHA have been prepared in Japan and 
administered to approximately 15 mil- 
lion children there.*” In anticipation of 
the potential use of acellular vaccines 
in the United States, we report the 
results of a randomized, double-blind 


study to compare the acellular and 
conventional diphtheria and tetanus 
toxoids and pertussis (DTP) vaccines. 


MATERIALS AND METHODS 
Preparation of Pertussis Vaccines 


An acellular pertussis vaccine was devel- 
oped in Japan, led by the work of Sato et al.’ 
This vaccine consists of two partially pu- 
rified protein components obtained from 
the pertussis organisms. The acellular per- 
tussis vaccine we utilized was prepared in 
bulk by Takeda Chemical Industries Ltd, 
Hikari, Japan, contained 600 hemag- 
glutinating units per milliliter, and had a 
potency of at least 8 IU/mL, assayed by the 
standard mouse intracerebral potency test. 
The conventional whole-cell vaccine pre- 
pared by Wyeth Laboratories, Phila- 
delphia, had a potency of at least 8 IU/mL. 


Preparation of the Diphtheria 
and Tetanus Components 


Identical diphtheria and tetanus compo- 
nents of both vaccines were prepared by 
Wyeth Laboratories. The diphtheria con- 
tent was 15 flocculation units (Lf) per milli- 
liter, and the tetanus toxoids content was 
10 Lf/mL. Subsequently, the DTP vaccine 
containing whole-cell pertussis component 
will be referred to as conventional DTP 
vaccine and the DTP vaccine prepared with 
acellular pertussis component as acellular 
DTP vaccine. 


Study Design of Vaccine Trials 


Two groups of 40 children were enrolled 
after parental informed consent was ob- 
tained. The first group consisted of 40 
children 4 to 6 years of age who were 
eligible to receive their preschool DTP 
booster. These children had previously re- 
ceived conventional DTP vaccine at 2, 4, 6, 
and 18 months of age. Children were ran- 
domly assigned to receive 0.5 mL of either 
conventional or acellular DTP vaccine in a 
double-blind manner. The injections were 
administered intramuscularly into the an- 
terolateral thigh. Sera for antibody deter- 
minations were obtained prior to and one 
month after immunization. After the 4- to 
6-year-old children were immunized, and 
toxic effects and serologic response data 
were assessed, a second group of 40 chil- 
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dren, 18 to 24 months of age, who had 
received conventional DTP vaccine at 2, 4, 
and 6 months of age, were studied in the 
same fashion. 

To assess local and systemic reactions, 
parents were instructed to record tempera- 
tures and rate systemic symptoms 3, 6, 48, 
and 72 hours following immunization and 
again at one week. Written instructions and 
a checklist were provided to guide their 
assessments. The home was visited by a 
study nurse 24 hours after vaccination to 
review parental observations, examine the 
child, and measure temperature and local 
reactions. Initially, parents were tele- 
phoned at one week to assess late reactions; 
however, since none were recorded in the 
early part of the study, calls were not made 
to all parents. Temperatures were taken 
orally in the 4- to 6-year-old children and 
rectally in the younger children. Subjective 
Symptoms were quantitated as follows: 


Grade Pain Fretfulness 
0 (none) No reaction Normal 
to palpation behavior 
1 (mild) Slight Periodically 
reaction irritable 
to palpation but carried 
on normal 
activity 
2 (moderate) Cried or Prolonged 
protested crying, 
on palpation refusal 
to play 
3 (marked) Cried when Inconsolable 


leg moved 
Serologic Assays 


Antibodies to FHA and LPF were evalu- 
ated by enzyme-linked immunosorbent 
assay (ELISA) using purified antigens” in 
Wyeth Laboratories (S. K. Vernon and 
colleagues, unpublished data, 1985), and 
titers were recorded in ELISA units per 


ef Fig 1.—Anti-filamentous hemagglutinin (FHA) activity as measured by enzyme-linked Milliliter. Pertussis agglutinins were deter- 
| immunosorbent assay (ELISA) in children who received conventional diphtheria and tetanus mined by standard methods involving ag- 
toxoids and pertussis vaccine (closed squares) or acellular diphtheria and tetanus toxoids glutination of pertussis organisms and 


and pertussis vaccine (open circles). 
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titers expressed in reciprocal dilutions.” 
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Tetanus toxin antibody titers were deter- 
mined by the indirect hemagglutination 
procedure of Millian et al:* Diphtheria 
toxin antibody titers were determined by 
microtissue culture assay.“ 


Statistics 


Serologic responses to conventional and 
acellular vaccines were compared utilizing 
a nonparametric test (Mann Whitney). If a 
fourfold rise in antibody titer between the 
prevaccine and postvaccine values was 
seen, end points on ELISA assays were not 
always determined. For this reason, a non- 
parametric test was most appropriate for 
statistical analysis. Reaction rates in pa- 
tients receiving conventional and acellular 
vaccine were compared, using Fisher’s ex- 
act test. 


RESULTS 
Clinical Reactions 


Reactions observed in 4- to 6-year- 
old children during the first 24 hours 
are noted in Table 1. Temperature of 
38°C or greater, moderate to marked 
pain, moderate to marked fretfulness, 
limp or refusal to walk, and induration 
and erythema of 4 cm or greater were 
more frequent in conventional than in 
acellular vaccine recipients. Drowsi- 
ness and vomiting were rarely seen in 
either group. No episodes of wheezing, 
rash, headache, myalgia, seizures, or 
other neurologic reactions occurred in 
any study participant. By 48 hours, six 
of 20 children in the 4- to 6-year-old 
group who had received conventional 
vaccine still had pain, limp, or indura- 
tion of 4 cm or greater, while all 
acellular vaccine recipients were free 
of symptoms. By 72 hours, all of the 
children were well, and no reactions 
were noted within the one-week fol- 
low-up period. 

Reactions during the first 24 hours 
after vaccination in children 18 to 24 
months of age are shown in Table 1. 
Temperature of 38°C or greater, mod- 
erate to marked pain, moderate to 
marked fretfulness, limp, and indura- 
tion were all seen more frequently in 
conventional vaccine recipients. Ery- 
thema was not significantly different 
between the two groups. As described 
above, no other, more serious reac- 
tions were seen in either vaccine 
group. At 48 hours, three of 20 children 
who had received conventional vaccine 
still had a temperature of 38°C or 
greater, pain, or induration, while 
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Fig 2.—Anti-lymphocytosis-promoting factor hemagglutinin (LPF) activity as measured by 
enzyme-linked immunosorbent assay (ELISA) in children who received conventional 
diphtheria and tetanus toxoids and pertussis vaccine (closed squares) or acellular diph- 


theria and tetanus toxoids and pertussis vaccine (open circles). 


none of the acellular vaccine recipients 
had symptoms at 48 hours. By 72 
hours, all children were well and re- 
mained without reactions for the re- 
mainder of the observation period. 


Immune Response 


Prior to immunization, levels of anti- 
body to FHA and LPF were similar in 
the conventional and acellular groups 
of 4- to 6-year-old children (Figs 1 and 
2). Rises in the level of antibody to 
FHA and LPF were seen in response 


to both vaccines; however, the postvac- 
cine FHA antibody titer after acellular 
vaccine in 4- to 6-year-old children was 
significantly higher than after conven- 
tional vaccine (P<.05). Postvaccine 
LPF antibody titers were comparable 
after either vaccine. In the 18- to 24- 
month-old children, no differences in 
levels of antibody to FHA or LPF were 
seen in response to either vaccine. 
These data suggest that the acellular 
vaccine is at least as immunogenic as 
the conventional vaccine when studied 
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in children previously primed with 
conventional DTP vaccine. 
Pertussis agglutinins were also mea- 


sured in sera from all vaccinated chil- 
dren (Fig 3). Although the younger 
children had lower titers, both vaccine 


groups had comparable pertussis ag: 
glutinin titers prior to immunizatior 
and had equivalent rises following ad. 





ministration of either vaccine, agair 
suggesting that the two vaccines were 
equally immunogenic within each age 
group. 

The tetanus and diphtheria anti- 
toxin titers induced by immunization 
are shown in Table 2. Postvaccine tet- 
anus and diphtheria antitoxin titers in 
the 4- to 6-year-old children were com- 
parable after both vaccines. In the 18- 
to 24-month-old group, postvaccine 
tetanus titers were significantly 
higher for the acellular group (P<.02), 
although no differences were seen in 
the postvaccine diphtheria toxin anti- 
body titers. Thus, the acellular per- 
tussis component does not interfere 
with the host response to diphtheria 
and tetanus antigens. 


COMMENT 


Before the widespread use of stan- 
dardized preparations of whole killed 
pertussis organisms in the 1950s, the 
incidence of pertussis in the United 
States was 157 cases per 100 000 popu- 
lation, with 9000 to 12 000 deaths per 
year.’ In 1984, 2187 pertussis cases 
were reported to the Centers for Dis- 
ease Control, Atlanta (W. Orenstein, 
MD, telephone conversation, 1985). 
The significant reduction in the inci- 
dence of disease has been attributed 
largely to the efficacy of the current 
vaccine, and the favorable cost-benefit 
ratio of the vaccine has been clearly 
established.” 

The injection of whole killed orga- 
nisms introduces a large number of 
bacterial components. Vaccine pre- 
pared from a smaller number of rele- 
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Fig 3.—Pertussis agglutinins in children who received conventional diphtheria and tetanus 
toxoids and pertussis vaccine (closed squares) or acellular diphtheria and tetanus toxoids 
and pertussis vaccine (open circles). 
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Diphtheria 
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0.32 (0.12-0.85) 
4.48 (3.02-6.60) 





8.5 (6.5-11.2) 
75.9 (56.2-102.3) 


0.19 (0.08-0.42) 
2.59 (1.5-4.3) 


3.1 (1.25-7.9) 
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Acellular DTP vaccine 
Diphtheria 


Tetanus 


0.24 (0.15-0.37) 
3.54 (1.9-6.3) 


*DTP indicates diphtheria and tetanus toxoids and pertussis. 
tP<.02. 
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vant purified antigens might reduce 
the severity of transient local and sys- 
temic reactions. Current research ef- 
forts have focused on the isolation and 
characterization of two protein anti- 
gens of the pertussis organism, LPF 
and FHA. Lymphocytosis-promoting 
factor hemagglutinin protects mice 
against intracerebral and respiratory 
challenge with live B pertussis orga- 
nisms, while FHA protects against 
respiratory challenge.*”*"** Utilizing 
a partially purified preparation of LPF 
and FHA as an immunogen, we have 
shown that the ELISA levels of anti- 
body to LPF and FHA in children are 
comparable with or higher than those 
seen in children who received conven- 
tional DTP vaccine. Agglutinin titers 
to pertussis organisms were also com- 
parable in the two groups of children. 

A striking finding in our study was 
the significant reduction in transient 
systemic and local reactions after 
acellular vaccine. In children aged 4 to 
6 years, fever, pain, fretfulness, limp/ 
refusal to walk, and induration and 
redness of 4 cm or greater were seen 
significantly less often in acellular vac- 
cine recipients. In children 18 to 24 
months of age, the above variables 
were significantly less frequent in 
acellular vaccine recipients, except for 
redness of 4 cm or more. In 1981, Cody 
et al” compared the vaccine reaction 
rates in 15 752 children who received 
conventional DTP immunization with 
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the reactions experienced by 784 chil- 
dren who received diphtheria and tet- 
anus toxoids vaccine. Approximately 
50% of the DTP vaccine recipients had 
local and/or systemic reactions to zhe 
vaccine, while less than 20% of zhe 
diphtheria and tetanus toxoids vaceine 
group had similar reactions. Our study 
confirms the high rate of local and 
systemic reactions to conventional 
DTP vaccine. 

The more severe events temporally 
associated with conventional pertussis 
vaccines include seizures, hypoten- 
sion, encephalitis, permanent neu- 
rologic sequelae, and death. However, 
many of these events may be due to 
other causes. Although estimates of 
the frequency of such complications 
vary widely, estimates of encephalopa- 
thy in an extensive study in the United 
Kingdom” suggest an incidence of ene 
in 310 000 immunizations. While severe 
complications did not occur in cur 
study, the small number of patients 
prevents any conclusion abcut 
whether the incidence of alleged neu- 
rologic complications will be alterec. 

Results of the current study must be 
interpreted with some caution: (1) The 
vaccines were administered only to 
children who had been previously 
primed with conventional DTP vac- 
cine. The administration of acellular 
vaccine to children 2, 4, and 6 months 
of age will be undertaken when addi- 
tional vaccine becomes available. (2) 
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The number of patients enrolled in the 
current study does not allow the ques- 
tion of vaccine efficacy to be ad- 
dressed, although a small study from 
Japan” suggested that the acellular 
vaccine is as effective as conventional 
vaccine in preventing pertussis after 
household exposure. (3) The incidence 
of severe neurologic sequelae and 
death after acellular vaccine when 
used in infants cannot be assessed 
from our data or from data reported 
from Japan,” since the initial vaccina- 
tion in Japan is done at age 24 months. 

Large-scale field trials of similar 
acellular pertussis vaccines are cur- 
rently being conducted in Sweden, 
where pertussis is epidemic and where 
pertussis vaccination is not a routine 
public health measure. If these studies 
establish the efficacy of the acellular 
vaccines and confirm the reduced num- 
ber of local and systemic reactions, 
these vaccines may be a more appro- 
priate substitute for the whole-cell 
pertussis component in the DTP vac- 
cine. 
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A Double-blind Study Comparing an Acellular Pertussis— 
Component DTP Vaccine With a Whole-Cell Pertussis— 
Component DTP Vaccine in 18-Month-Old Children 


Karen Lewis, MD; James D. Cherry, MD; H. James Holroyd, MD; Leonard R. Baker, MD; 
Frank E. Dudenhoeffer, MD; Ricki G. Robinson, MD 


e An acellular pertussis-component 
diphtheria-tetanus-pertussis (AC-DTP) 
vaccine was compared with a currently 
licensed, whole-cell pertussis—compo- 
nent DTP (WC-DTP) vaccine for reac- 
togenicity and immunogenicity when 
given as the fourth DTP immunization in 
sixty 18- to 24-month-old children. Reac- 
tions over the first 48 hours were signifi- 
cantly less common in the AC-DTP vac- 
cine recipients, as follows (WC-DTP/ 
AC-DTP): fever, 85%/5%; redness, 70%/ 
12.5%; tenderness, 100%/22.5%; swell- 
ing, 35%/10%; fretfulness, 70%/12.5%; 
anorexia, 35%/2.5%; and vomiting, 
10%/0%. Antibody responses to pertus- 
sis antigens (agglutinogens, lymphocy- 
tosis-promoting factor, and filamentous 
hemagglutinin), diphtheria toxoid, and 
tetanus toxoid in AC-DTP vaccine recipi- 
ents were comparable with those in 
WC-DTP vaccine recipients. The AC-DTP 
vaccine evaluated in this trial seems to 
be as immunogenic as WC-DTP vaccine 
while being markedly less reactogenic. 

(AJDC 1986;140:872-876) 


he currently licensed diphtheria- 

tetanus-pertussis (DTP) vaccines 
that contain a whole-cell pertussis 
component (WC-DTP) have been ex- 
traordinarily successful in reducing 
pertussis morbidity and mortality in 
the United States.’ However, reac- 
tions from vaccine administration are 
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of such a degree as to make it desirable 
to search for a vaccine that is less 
reactogenic but equally immunogenic. 
In Japan, several acellular pertus- 
sis-component DTP (AC-DTP) vac- 
cines have been developed and used for 
mass immunization of children since 
autumn of 1981.** Available reports in- 
dicate that these vaccines are both 
immunogenic in children and produce 
minimal side effects.” 

We have previously performed a 
trial with an AC-DTP vaccine in 4- to 
6-year-old children in whom we found 
that the study vaccine was immuno- 
genic but less reactogenic than cur- 
rently licensed WC-DTP vaccines.’ In 
this article we report the results of 
the same vaccine in a double-blind 
study comparing AC-DTP vaccine 
with WC-DTP vaccine when given as 
the fourth DTP immunization to 18- to 
24-month-old children. 


SUBJECTS AND METHODS 


The AC-DTP vaccine was formulated by 
Wyeth Laboratories Inc, Philadelphia, 
and contained standard (Wyeth) diphtheria 
and tetanus toxoids and 300 hemaggluti- 
nating units of Takeda acellular pertussis 
component. The pertussis component was 
refined to concentrate the principal recog- 
nized immunizing antigens of Bordetella 
pertussis cells: lymphocytosis-promoting 
factor hemagglutin (LPF) and filamentous 
hemagglutinin (FHA).**° Each 0.5-mL 
dose of AC-DTP contained a potency of 5.6 
mouse-protective units, 7.5 flocculation 
units (Lf) of diphtheria toxoid, 5.0 Lf of 
tetanus toxoid, 0.05 mg of thimerosal, 
0.14 mg of aluminum ions, and less than 15 
body-weight-decreasing units of endo- 
toxin. The control vaccine, a WC-DTP vac- 
cine, was manufactured by Wyeth Labora- 
tories. Each 0.5-mL dose of WC-DTP 


contained 5.5 mouse-protective units, 
7.5 Lf of diphtheria toxoid, 5.0 Lf of tetanus 
toxoid, 0.05 mg of thimerosal, and 0.14 mg 
of aluminum ions. 

Sixty healthy children between the ages 
of 18 and 24 months were recruited from the 
private pediatric practice of four of the 
authors and from the UCLA Medical Cen- 
ter pediatric clinic. All had received three 
prior immunizing doses of DTP (containing 
a whole-cell pertussis component) during 
infancy. Children with evidence of gener- 
ally accepted contraindications to DTP im- 
munization” or who had contraindications 
as listed in the Wyeth package insert were 
excluded from participation. Informed con- 
sent was obtained from both parents after 
the nature of the study had been fully 
explained. 

Two thirds (N=40) of the children re- 
ceived AC-DTP vaccine and one third 
(N=20) received WC-DTP vaccine in a 
double-blinded, randomized fashion. At 
the initial visit a venous blood sample was 
obtained for serologic studies, and a single 
0.5-mg dose of vaccine was injected into the 
childs anterior thigh muscle. The parents 
kept a diary in which they recorded the 
child's rectal temperature and any adverse 
local or systemic reactions at 3, 6, 24, and 
48 hours after immunization. Antipyretics 
were to be given only if the child’s tempera- 
ture rose above 38.3°C. 

The children were seen at a follow-up 
visit 24 hours after immunization. The 
presence of fever, swelling, redness, or 
tenderness was confirmed by one of the 
authors. The children were seen again at a 
follow-up visit between 27 and 35 days after 
immunization, and at this time blood was 
obtained for postimmunization serologic 
study. 

Immunologie responses were assayed by 
Wyeth Laboratories. Pertussis agglutinat- 
ing antibodies were determined by the 
method of Manclark and Meade.” Anti- 
bodies to LPF and FHA were determined 
by an indirect enzyme-linked immunosor- 
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bent assay (ELISA) technique." Tetanus 
antitoxin serum values were measured by 
indirect hemagglutination,“ except that 
the amount of sheep cells was increased to 
1.25% in the test, and the serum was ab- 
sorbed with 25% red blood cells only once 
overnight to allow the titrations to start at 
a 1:2 serum dilution. Diphtheria antitoxin 
serum values were measured by a modifica- 
tion of a microtissue culture technique” 
using WI88 cells rather than Vero cells. 

Differences between AC-DTP and 
WC-DTP vaccine recipients for clinical re- 
actions and percent changes in antibody 
titers were evaluated by x’ analysis. Differ- 
ences in the mean titers of antibodies were 
analyzed by Student’s t test. 


RESULTS 
Clinical Reactions 


Local and systemic reactions follow- 
ing immunization were markedly less 
frequent and severe in the recipients of 
the AC-DTP vaccine than in the recipi- 
ents of the WC-DTP vaccine (Table 1). 
Fever was recorded in 85% of WC-DTP 
vaccine recipients, whereas only two of 
the 40 AC-DTP vaccine recipients had 
fever. One of these children had fever 
that started three hours after vaccina- 
tion and persisted for over two days. 
The patient was subsequently found to 
have otitis media and defervesced with 
amoxillin trihydrate therapy. The 
other AC-DTP vaccine recipient witha 
fever had a single temperature eleva- 
tion to 39.6°C at 17 hours after vaccina- 

Redness, swelling, and tenderness 
all occurred significantly less often 
after AC-DTP immunization than 
after WC-DTP administration. The se- 
verity of tenderness was markedly 
worse in WC-DTP vaccine recipients. 
“Three-plus” tenderness was defined 
as refusal to walk due to pain at the 
vaccine site. All of the children receiv- 
ing WC-DTP vaccine had some degree 
of tenderness reported, with 60% re- 
porting 3+ tenderness. Only 22.5% 
of AC-DTP recipients had any tender- 
ness, none of which was reported as 
3+ in severity. All of the systemic 
reactions were more frequent in 
WC-DTP recipients than in the chil- 
dren receiving AC-DTP vaccine. Sys- 
temic symptoms other than fever 
occurred in 75% of all WC-DTP recipi- 
ents, whereas only 27.5% of AC-DTP 
vaccinees had similar systemic symp- 
toms. 
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Fever (temperature =38°C) 
Redness 

Tendernesst 

3+ 
1+-2+ 
Swelling 
Fretful 
Crying (=¥% h) 
Anorexia 
Vomiting 
Drowsiness 






Systemic symptoms other than fever 


months of age. 


60 

40 í 
35 10 
70 12.5 
20 

35 i 
10 0 
30 


70 12.5 
100 22.5 


*DTP indicates diphtheria-tetanus-pertussis; WC, whole cell; and AC, acellular. Children were 18 to 24 


+Tenderness scoring: 0, none; 1+, vaccine site tender to touch; 2+, leg appears tender but child will 
still walk; and 3+, child refuses to walk due to pain at vaccine site. 


=x 4 rise, % 
Pertussis agglutinin antibodies =1:32, % 


Prevaccination 
Postvaccination 


GMTt 
Prevaccination 


Postvaccination 
Average titer increaset 


11 (7-18) 
36 (23-56) 
x3.1 (*2.1-x 4.8) 





10 (6-14) 
68 (46-100) 
x7.1 (x5.0-x 10.0) 


*DTP indicates diphtheria-tetanus-pertussis; WC, whole-cell; and AC, acellular. Children were 18 to 24 


months of age. 


tReciprocal of the geometric mean titer 195% confidence interval). 


+Geometric mean (95% confidence interval). 


Serologic Responses 

Preimmunization and postimmuni- 
zation serum antibody levels were 
measured to three different pertussis 
antigens (agglutinogens, LPF, and 
FHA) as well as to diphtheria and 
tetanus toxins. The results are sum- 
marized in Tables 2 through 5. 

In Table 2, the pertussis agglutinin 
responses are presented. The postim- 
munization geometric mean titer of 
WC-DTP vaccine recipients was 1:36, 
whereas it was 1:68 in AC-DTP vaecine 
recipients (P<.05). In addition there 
was a significant difference between 
the average geometric mean titer in- 
creases: the WC-DTP vaccine recipi- 
ents averaged a 3.1-fold rise, while the 
AC-DTP vaccine recipients averaged a 
7.1-fold rise. 

The antibody response to LPF is 


presented in Table 3. Eighty-five per- 
cent of the WC-DTP vaccine recipients 
and 98% of the AC-DTP vaccine recipi- 
ents had postimmunization levels 
greater than or equal to 50 ELISA 
units. The WC-DTP vaccine recipients 
had a postimmunization mean titer of 
289 ELISA units, and the AC-DTP 
vaccine recipients had a postim- 
munization mean titer of 338 ELISA 
units. The LPF antibody responses 
showed no significant differences be- 
tween the two vaccines. 

The antibody response to FHA is 
shown in Table 4. Ninety-five percent 
and 98% of the WC-DTP and AC-DTP 
recipients, respectively, had post- 
immunization mean titers greater than 


or equal to 20 ELISA units. The 


WC-DTP recipients had a mean titer of 
75 ELISA units, while the AC-DTP 
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recipients had a mean titer of 129 
ELISA units. The FHA antibody lev- 
els between recipients of the two vac- 
cines were not significantly different, 
except that the mean rise in antibody 
titers was significantly higher in the 
AC-DTP vaccine recipients (P<.05). 

The antibody responses to diph- 
theria and tetanus toxoids are shown 
in Table 5. There was no statistical 
difference between the two vaccines 
for either diphtheria or tetanus tox- 
oids. 

Five children had minimal antibody 
responses in at least two of the three 
pertussis antibody determinations 
(Table 6). Two of these children, both 
WC-DTP vaccine recipients, had no 
increase in antibody values to any of 


Antibodies | to > LPF 
=x 4 rise, % 
=50 ELISA units, % 


Prevaccination 
Postvaccination 


Titer, ELISA units (mean + SEM) 
Prevaccination 


Postvaccination 
Mean (+SEM) rise, ELISA units 


the three pertussis antigens evalu- 
ated. Both of these children had severe 
local tenderness that prevented them 
from walking for more than 24 hours. 
In addition, one of these two children 
also did not have any measurable anti- 
body response to diphtheria or tetanus 
toxoids. Overall, however, there was 
no statistical relationship between lo- 
cal reactions or fever and the magni- 
tude of antibody response to any of the 
pertussis antigens or to diphtheria and 
tetanus toxoids. 

Table 7 presents a comparison of the 
pertussis antibody responses in this 
study with those of the 4- to 6-year-old 
children in our previous study in which 
the same lot of AC-DTP vaccine was 
administered." The older children had 





*LPF indicates lymphocytosis-promoting factor; DTP, diphtheria-tetanus-pertussis; WC, whole-cell; 
AC, acellular; and ELISA, enzyme-linked immunosorbent assay. Children were 18 to 24 months of age. 


Table 4.—Serum Antibody Responses to FHA in Children 


Antibodies to FHA 
=> X 4 rise, % 


=20 ELISA units, % 
Prevaccination 


Postvaccination 


Titer, ELISA units (mean + SEM) 
Prevaccination 


Postvaccination 
Mean (+ SEM) rise, ELISA units 


WC-DTP (N=20) 


Ain Aire First Booster Vaccination* 


AC-DTP (N= 40) 





*FHA indicates filamentous hemagglutinin; DTP, diphtheria-tetanus-pertussis; WC, whole-cell; AC, 
acellular; and ELISA, enzyme-linked immunosorbent assay. Children were 18 to 24 months of age. 


Antibodies 


Diphtheria toxoid, IU/mL 
(mean + SEM) 


Tetanus toxoid at 95% confidence interval, 


WC-DTP N= 20) 


Before After 


0.18+0.05 6.88 + 1.04 


1.3 (0.7-2.4) 47.9 (28.2-81.3) 


0.20 +0.03 


1.1 (0.7-1.5) 


significantly higher postimmunization 
titers in all three pertussis antibody 
categories than the 18- to 24-month-old 
AC-DTP recipients in the present 
study. However, the 4- to 6-year-old 
children all had higher preimmuniza- 
tion antibody levels. When the mean 
rises in antibody values were exam- 
ined, there was still a significantly 
higher antibody response to LPF in 
the 4- to 6-year-old recipients of 
AC-DTP vaccine. 


COMMENT 


Acellular pertussis-component DTP 
vaccines (acellular vaccines) have been 
the principal form of pertussis vaccina- 
tion used in Japan since 1981.7 
These vaccines are formulated by ex- 
tracting two hemagglutinins (LPF and 
FHA) from the supernatant of B per- 
tussis cultures and subsequently 
removing most of the remaining endo- 
toxin by sucrose-gradient centrifuga- 
tion.* Immunization with LPF and 
FHA has been shown to be protective 
in mouse models: LPF alone is protec- 
tive against both intracerebral and 
respiratory challenge with B pertus- 
sis, while FHA is protective in the 
mouse only against respiratory chal- 
lenge with B pertussis.** 

In contrast, WC-DTP vaccines 
(whole-cell vaccines) are composed of 
killed, whole B pertussis organisms 
and as such contain more potentially 
reactogenic antigenic material. In ad- 
dition to containing LPF and FHA 
(which are also contained in acellular 
vaccines), whole-cell vaccines contain 
endotoxin, inactivated heat-labile 
toxin, and adenylate cyclase.*” The 
amount of endotoxin in whole-cell vac- 
cines has been shown to have a statis- 
tically significant association with lo- 
cal pain at the vaccine site.” Other 
associations between various DTP vac- 
cine components and clinical reactions 
in children need to be investigated. 


“AC-DTP P (N= 40) 


Before After 
6.24+0.81 


68.4 (51.3-93.3) 





hemagglutination units/mL (95% confidence interval) 
*DTP indicates diphtheria-tetanus-pertussis; WC, whole-cell; and AC, acellular. Children were 18 to 24 months of age. 
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The severity of local reactions in this 
study was much less in AC-DTP vac- 
cine recipients. Not only were the 
percentages of tenderness, redness, 
and induration markedly less in the 
AC-DTP group but the degree of ten- 
derness was also much lower. None of 
the AC-DTP recipients had severe 
enough pain to prevent walking on the 
leg in which the vaccine had been 
given, but 60% of WC-DTP recipients 
refused to walk due to pain after vac- 
cination. 

Although the process of manufactur- 
ing the pertussis component of the 
AC-DTP vaccine evaluated in this 
study is specifically aimed at isolating 
LPF and FHA, some agglutinogens 
are also present in the preparation, as 
demonstrated by the agglutinin re- 
sponse in the AC-DTP group (Table 2). 


Agglutinogens are protein surface an- 
tigens on the fimbriae of B pertussis*" 
organisms, and antibody to them (ag- 
glutinins) has been used as a marker 
for vaccine antibody production.” 
However, immunity to B pertussis can 
be present in the absence of aggluti- 
nins” and immunization with purified 
agglutinogen does not protect mice 
from intracerebral challenge with 
B pertussis.” 

Pertussis serum agglutinin titers 
did not rise as high in the WC-DTP 
group as in the AC-DTP group. In 
addition, the mean rise in antibody 
level to FHA was higher in AC-DTP 
recipients. There were a few chiléren 
in both groups who had minimal anti- 
body responses to pertussis antigens. 
Overall, the antibody responses were 
very similar between AC-DTP and 
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*LPF indicates lymphocytosis-promoting factor; FHA, filamentous hemagglutinin; DTP, diphtheria- 
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Pertussis agglutininst 
Prevaccination 


Postvaccination 
Mean rise 


LPF antibodies, ELISA units (mean + SEM) 
Prevaccination 


Postvaccination 
Mean rise 


FHA antibodies, ELISA units (mean + SEM) 
Prevaccination 


Postvaccination 
Mean rise 


4-6 y (N=36) 18-24 mo (N= 40) 


21 (15-29)+ 
100 (72-138)§ 
5.8 (4.5-7.3) 


10 (6-14) 
68 (46-100) 
7.1 (5.0-10.0) 


46+14 
338 +72 
319+68 


176 +59+ 
1732 +280t¢ 
1548 +254¢ 


28 + 6t 
229 + 47t 
200 + 47 


10+1 
129+24 
118+24 





*AC-DTP indicates acellular pertussis-component diphtheria-tetanus-pertussis; LPF, lymphocytosis- 
promoting factor; FHA, filamentous hemagglutinin; and ELISA, enzyme-linked immunosorbent assay. 

+Reciprocal of geometric mean titer (95% confidence interval). 

+P<.005 compared with 18- to 24-month-old acellular DTP recipients. 

§P<.05 compared with 18- to 24-month-old acellular DTP recipients. 
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WC-DTP vaccine recipients, indicat- 
ing that the AC-DTP vaccine evaluated 
in this study, when given as a booster 
dose to children who had been immu- 
nized during infancy with whole-cell 
vaccines, is as immunogenic as 
WC-DTP vaccine. 

We previously conducted a study 
of this same AC-DTP vaccine in 4- to 
6-year-old children,’ and so we coin 
pared their antibody responses w 
those of AC-DTP vaccine recipients in 
this study (Table 7). The 4- to 6-year- 
old children had significantly higher 
postimmunization pertussis antibody 
values than the 18- to 24-month-old 
children. This was not simply a func- 
tion of the 4- to 6-year-old children 
having higher preimmunization anti- 
body levels because the mean rise in 
LPF antibody titers was also greater 
in the older age group. 

Although AC-DTP vaccine was im- 
munogenic in our studies in both 4- 
to 6-year-old children and 18- to 
24-month-old children, all of these chil- 
dren had been previously primed with 
whole-cell vaccine during infancy. Fur- 
ther clinical trials of this AC-DTP vac- 
cine in infants are needed to assess its 
immunogenicity during the primary 
series of DTP vaccination. 

The efficacy of AC-DTP cannot be 
evaluated at the present time in the 
United States since there is not yet a 
large enough group of unvaccinated 
children to allow for widespread per- 
tussis epidemics. Initial reports from 
Japan indicate that acellular vaccines 
have comparable efficacy to whole-cell 
vaccines in immunizing against B per- 
tussis during outbreaks of pertus- 
sis.2**? However, the efficacy studies 
reported from Japan include all of the 
licensed vaccines; data on the efficacy 
of individual vaccines are presently not 
available. 

There have been suggestions in the 
news media that new acellular vaccines 
will solve all problems relating to DTP 
reactions. It is probable that post- 
immunization seizures will be reduced 
because acellular vaccines cause sig- 
nificantly less frequent and less severe 
febrile reactions. However, since we do 
not know the cause of the hypotonic 
hyporesponsive episodes, persistent 
crying, or excessive drowsiness after 
immunization with WC-DTP vaccines, 
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we do not know whether these reac- 
tions will decrease with the use of 
AC-DTP vaccines. It may be that the 
very antigenic structure required for 
immunologic activity is responsible for 
some or all of these severe side effects. 
In addition, even when AC-DTP vac- 
cines achieve widespread use, there 
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will continue to be neurologic events in 
temporal association with DTP vac- 
cination, since most temporally re- 
lated neurologic diseases are not, in 
fact, caused by DTP vaccination.” 
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Juvenile Autoimmune Thyroiditis 


Hormonal Status at Presentation and After Long-term Follow-up 


Charles A. Sklar, MD; Rekha Qazi, MD; Raphael David, MD 


e Thirty children and adolescents 
with the clinical diagnosis of juvenile 
autoimmune thyroiditis (JAT) were stud- 
ied. Twenty-six patients were female and 
four were male. The median age at diag- 
nosis was 12.9 years (range, 7.5 to 17.3 
years). At the initial evaluation, endo- 
crine studies revealed that 40% of the 
patients were euthyroid, while 33% had 
compensated hypothyroidism and 27% 
had overt hypothyroidism. Seventeen 
patients, 16 of whom received thyroid 
hormone replacement therapy for a me- 
dian period of 26 months, were followed 
up on a long-term basis after discon- 
tinuation of therapy. Seven (87%) of eight 
patients who were initially euthyroid 
have remained so for a median period of 
28 months after treatment and a median 
period of 50 months since diagnosis. 
Four (44%) of nine patients who initially 
had hypothyroidism (either compen- 
sated or overt) have reverted to a eu- 
thyroid state and have remained so for a 
median period of 33 months after dis- 
continuation of therapy. Neither the size 
of the thyroid gland nor the pattern or 
absolute titer of thyroid autoantibodies 
correlated with functional status. These 
results indicate that individuals with eu- 
thyroid JAT may remain euthyroid for 
many years and that a substantial per- 
centage of patients with hypothyroid JAT 
will experience resolution of thyroid dys- 
function. 

(AJDC 1986;140:877-880) 


uvenile autoimmune thyroiditis 
(JAT), or Hashimoto’s thyroiditis, 
has emerged as the most commonly 
acquired thyroid disorder in children 
and adolescents.’ It accounts for ap- 
proximately two thirds of all nontoxic 
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or asymptomatic goiter cases in ehild- 
hood.”* Rallison et alt demonstrated a 
prevalence of 1.2% in a large popula- 
tion of healthy school-age children. 
The clinical picture of JAT appears to 
cover a spectrum ranging from a eu- 
thyroid goiter to severe hypothy- 
roidism without an enlarged thyroid 
gland to occasional transient thyrotox- 
icosis.*ë Review of the pediatric liter- 
ature on the hormonal status of pa- 
tients with JAT, however, is difficult to 
interpret since most reports rely ei- 
ther on clinical symptoms or on older, 
less reliable techniques for the mea- 
surement of thyroxine (T,),”** and 
since only a few reports used éeter- 
minations of thyroid-stimulating hor- 
mone (TSH) in evaluating the pa- 
tients.°" Further difficulty and con- 
fusion is encountered regarding the 
natural evolution of thyroid function in 
JAT. For example, Leboeuf and Du- 
charme? stated that the natural history 
of JAT is progressive hypofunction, 
and they recommended lifelong thy- 
roid hormone replacement therapy for 
all patients. In contrast, Rallison et al’ 
concluded from their study that JAT 
appears to be a spontaneously revers- 
ible process in nearly half of the chil- 
dren, independent of the use of hor- 
monal therapy. Both of these studies 
are hampered by the lack of serial 
determinations of TSH and by the 
reliance on subjective, clinical var- 
iables. 

In an attempt to clarify the afore- 
mentioned problems, we have as- 
sessed thyroid function in a group of 30 
children and adolescents with the clini- 
cal diagnosis of JAT by using radio- 
immunoassay techniques to measure 
both T, and TSH. In addition, we have 
performed posttherapeutic serial mea- 
surements of thyroid function in a sub- 
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group of these patients to delineate the 
natural history of JAT. 


PATIENTS AND METHODS 


The study population consisted of 30 pa- 
tients with the diagnosis of JAT, who were 
followed up in the Pediatrie Endocrine 
Clinic at Bellevue Hospital, New York, 
during the period from 1974 to 1984. Only 
patients followed up for at least 12 months 
were included. The age at presentation 
ranged from 7.5 to 17.3 years (median age, 
12.9 years). Twenty-six of the patients were 
female and four were male (a 6.5:1 ratio). 
The patients were examined about every 
six months, at which time thyroid function 
studies were performed, and the size of the 
thyroid gland was measured. 

The diagnosis of JAT was based on the 
following criteria: (1) the presence of a 
symmetrically enlarged, bosselated thy- 
roid gland; (2) the presence in plasma of 
significant titers of antimicrosomal and/or 
antithyroglobulin antibodies; and (3) the 
absence of any findings on history or phys- 
ical examination that suggested a cause 
other than JAT. These criteria did not allow 
for inclusion of patients with antibody-neg- 
ative JAT or nongoitrous JAT. 

Thyroid studies included measurements 
of T,, TSH, and triiodothyronine (T,) resin 
uptake. Serum T, and TSH values were 
determined by standard radioimmunoas- 
say techniques. Normal values in our labo- 
ratory are as follows: T,, 5.6 to 12.7 g/dL 
(72 to 163 nmol/L); TSH, 0.8 to 6.8 pU/mL 
(0.8 to 6.8 mU/L); and T, resin uptake, 20% 
to 32% (0.20 to 0.32). Antimicrosomal anti- 
bodies (AMA) and antithyroglobulin anti- 
bodies (ATA) were determined by hemag- 
glutination. Antimicrosomal antibody 
titers of greater than 1:100 and ATA titers of 
greater than 1:20 were considered signifi- 
cant. 

Based on the results of initial thyroid 
function studies, the patients were divided 
into three groups: group 1 (euthyroid), pa- 
tients with normal plasma concentrations 
of T, and TSH; group 2 (compensated 
hypothyroidism), patients with normal 
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plasma concentrations of T, but elevated 
levels of TSH (>7 U/mL [>7 mU/L]); and 
group 3 (overt hypothyroidism), patients 
with subnormal plasma concentrations of 
T, (<5.0 wg/dL [<64 nmol/L]) and elevated 
levels of TSH (>7 U/mL [>7 mU/L). 

The data were tabulated and analyzed 
using the CLINFO data management and 
analysis system. Statistical analysis of the 
data was accomplished using analysis of 
variance and two-tailed, unpaired Stu- 
dent’s ¢ test. 


RESULTS 
Data at Presentation 


The initial clinical characteristics 
and hormonal data of the patients are 
summarized in the Table. Twelve pa- 
tients were euthyroid, ten patients 
had compensated hypothyroidism, and 
eight patients had overt hypothy- 
roidism at the time of the first evalua- 
tion. Eight patients (27%) reported 
autoimmune thyroid disease in their 
family history. Two patients had been 
previously diagnosed as having type I 
diabetes mellitus. Both the age at pre- 
sentation and the sex ratio were simi- 
lar for all three patient groups (Table). 

The mean T, values were lower and 
mean TSH values were higher in 
group 2 vs group 1 patients, but only 
the difference in TSH concentrations 
reached statistical significance. Pa- 
tients in group 3 had plasma concen- 
trations of T, and TSH that were sig- 
nificantly different from those of 
patients in groups 1 and 2 (Table). 
Significant titers of AMA were de- 
tected in the plasma of 29 patients, 
whereas only seven patients had sig- 
nificant titers of ATA. The titers of 
AMA varied widely among the pa- 
tients but were not significantly differ- 
ent between the three groups (Table). 

We found a significant negative cor- 
relation between plasma T, and TSH 
values for the group as a whole (r=.6; 
P<.001). There was, however, no sig- 
nificant correlation between either T, 
or TSH and AMA titers. 


Natural History of JAT 


Eleven of the 12 patients in group 1 
and all patients in groups 2 and 3 were 
initially treated with replacement 
doses of levothyroxine sodium. Ther- 
apy was subsequently discontinued in 
16 patients after a median treatment 
period of 26 months. One patient in 
group 1 was never treated and has been 
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Euthyroidism 13.3+0.9 11:1 
(group 1) 
(n=12) 
Compensated 
hypothyroidism 
(group 2) 
(n= 10) 
Overt hypothyroidism 
(group 3) 
(n=8) 


12.0+0.9 8:2 


12.6+0.8 7:1 


T,, g/dL TSH, «U/mL 
Group Age, y Sex Ratio, F:M (nmol/L) (mU/L) Log AMAt 


7 ss nore 





8.6 +0.4t 3.0 + 0.4§|| 3.1+0.3 
(111+5) 

7.9+0.69 15.4+3.2** 3.4+0.2 
(102 +8) 

2.8+0.4 131+45 4.0+0.4 
(36 + 5) 


*T, indicates thyroxine; TSH, thyroid-stimulating hormone: and AMA, antimicrosomal antibodies. All 
values, except sex ratios, are expressed as mean + SEM. 
tNegative logarithm of antimicrosomal antibody titers. 


¢P<.001, group 1 vs group 3. 
§P<.001, group 1 vs group 2. 
\|P<.005, group 1 vs group 3. 
§P<.001, group 2 vs group 3. 
**P<.02, group 2 vs group 3. 


Initial Status 


Compensated 
Hypothyroidism 
(n=4) Compensated Hypothyroidism 


(n=1) 


Current Status 
Euthyroidism 


Euthyroidism 
(n=8) A 
Overt Hypothyroidism 


Euthyroicism 


Mean Duration of 
Euthyroidism, 
mo (Range) 
28 (2-50)* 
(n=7) 50 (15-72)* * 

(n=1) 


nea} 36 (4-70)* 


Euthyroidism 


(n=1) 


Overt 
Hypothyroidism 
(n=5) Overt Hypothyroidism 


(n=4) 





Natural history of thyroid function in patients observed after discontinuation of thyroid 
hormone replacement therapy. Single asterisk indicates time elapsed since discontinuation 
of therapy; double asterisk, total observation period. 


observed for 4% years. Thus, 17 pa- 
tients were monitored after therapy 
and the natural evolution of their thy- 
roid function was assessed (Figure). 
Eleven of these patients have re- 
mained or become euthyroid. Of the 
eight patients in group 1 who were 
followed up after therapy, seven pa- 
tients have remained euthyroid for pe- 
riods ranging from seven to 50 months 
(median period, 28 months). The seven 
patients have remained euthyroid for a 
total observation period of 21 to 72 
months (median period, 50 months), if 
one includes the period from diagnosis 
until discontinuation of therapy. The 
eighth patient developed overt hypo- 
thyroidism two months following dis- 
continuation of therapy; consequently, 


hormonal therapy was reinstituted. 
Three of the four patients in group 2 
were found to have normal thyroid 
function once therapy was stopped, 
and they have remained euthyroid for 
four to 70 months (median period, 36 
months). Among the five patients in 
group 3 who were observed after dis- 
continuation of therapy, one patient 
has completely normal thyroid func- 
tion, and the remaining four patients 
were found to have persistent overt 
hypothyroidism, necessitating the re- 
institution of levothyroxine therapy. 
The former patient has remained eu- 
thyroid for 18 months. 

During the initial period of thyroid 
hormone replacement therapy, a de- 
crease in the size of the thyroid gland 
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was noted in 14 patients, while no 
change in gland size was noted in two 
patients. After discontinuation of 
therapy, only one patient was found to 
have an increase in gland size. Serial 
measurements of AMA and ATA were 
determined in 12 patients. Antibody 
titers decreased in five patients, re- 
mained unchanged in two patients, 
and increased in five patients. Fluc- 
tuations in antibody titer appeared 
unrelated to therapy. Ultimate thyroid 
function did not correlate with either 
change in the size of the thyroid gland 
or change in antibody titer. 


COMMENT 


It is now well established that the 
association of an enlarged, pebbly, 
or firm thyroid gland with positive 
serologic tests for AMA and/or ATA 
correlates extremely well with biopsy- 
proved JAT.’*"” Many reports, how- 
ever, have demonstrated that histo- 
logically proved JAT may be present in 
the absence of significant titers of thy- 
roid autoantibodies.**” Thus, while it 
is possible that we have excluded from 
our study patients with antibody-neg- 
ative JAT, it is extremely unlikely that 
we have included individuals with thy- 
roid disorders other than JAT. 

On initial presentation, our patient 
population ranged in age from 7.5 to 
17.3 years and displayed a distinct fe- 
male predominance, corroborating the 
findings of others.”" Thyroid function 
studies performed on initial evaluation 
revealed that 40% of our patients were 
euthyroid, 33% had compensated hy- 
pothyroidism, and 27% had overt hy- 
pothyroidism. These results are iden- 
tical to the data of Greenberg et al,” 
who evaluated a group of children and 
adolescents with biopsy-proved JAT, 
but differ considerably from those in 
the series reported by DePapendieck 
et al.” The latter found that only 7% 
of their patients were euthyroid, 
whereas 50% had severe overt hypo- 
thyroidism on initial presentation. The 
explanation for this variability in the 
patients’ thyroid status is not readily 
apparent since the criteria for patient 
selection and the clinical characteris- 
tics of the patients were otherwise 
quite similar. We noted a significant 
negative correlation between T, and 
TSH, but we were unable to find a rela- 


AJDC—Vol 140, Sept 1986 


tionship between antibody titers and 
TSH levels, as reported by others.” 

The institution of thyroid hormone 
replacement therapy was associated 
with a decrease in the size of the gland 
in the majority of patients. This obser- 
vation does not, however, prove a 
cause-and-effect relationship since 
spontaneous diminution in the size of 
the thyroid gland has been reported 
frequently in untreated patients with 
JAT.*’ Treatment had no effect on the 
fluctuations in thyroid autoantibodies, 
which is in keeping with the experi- 
ence of some, but not all, groups.**” 
The observations made on the natural 
history of thyroid function in the 17 
patients followed up after treatment 
were of great interest and deserve 
further comment. Seven of eight pa- 
tients who were initially euthyroid 
have remained so for a median period 
of 28 months off all treatment. If one 
assumes that these seven patients 
were euthyroid during therapy, then 
the total observation time during 
which they have maintained normal 
thyroid function ranges from 21 to 72 
months (median period, 50 months). 
Thus, during a median follow-up pe- 
riod of four years, only one of eight 
patients demonstrated progression 
from a euthyroid to a hypothyroid 
state. Although several authors postu- 
late that in the majority of individuals, 
euthyroid JAT will ultimately progress 
to thyroid failure,*® surprisingly little 
objective data are available to either 
refute or support this claim. The re- 
sults of the present study and the data 
of Rallison et alt and Maenpaa et al” 
question the validity of this assump- 
tion and indicate that many patients 
remain euthyroid for prolonged peri- 
ods. The follow-up data on the nine 
patients who initially presentec with 
some degree of thyroid failure, as evi- 
denced by an elevation in TSH concen- 
trations, reveal that the thyroid func- 


tion of four (44%) of the nine patients - 


has reverted to normal, and they have 
remained euthyroid for an average of 
33 months after discontinuation of 
therapy. Spontaneous resolution of 
thyroid failure has been documented 
previously in patients with JAT,“""” 
as well as in individuals with other 
forms of hypothyroidism.” Thus, re- 
mission of thyroid hypofunction does 
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occur in some individuals, despite 
chemical evidence of even profound 
thyroid dysfunction. Our findings and 
the data of others*“ suggest that in 
many instances regeneration and/or 
hyperplasia of residual thyroid tissue 
does take place and contradicts the 
contention that hypothyroid JAT is 
irreversible in all patients.” We there- 
fore question the need to commit these 
individuals to uninterrupted lifelong 
therapy with thyroid hormone. As all 
but one of our patients received thy- 
roid hormone replacement therapy for 
varying periods, we are unable to state 
whether such treatment affects the 
ultimate outcome in JAT. The results of 
several other studies, however, 
strongly suggest that thyroid function 
and histologic features are unaltered 
by the use of hormonal therapy. *®” 

Since our patients have been fol- 
lowed up for a relatively short time, we 
do not have sufficient data to comment 
on the ultimate course of these individ- 
uals. It is conceivable that some pa- 
tients may demonstrate deterioration 
of thyroid function in later life; there- 
fore, periodic reassessment of thyroid 
function is required for all patients 
with JAT. It would appear from our 
data that neither the change in the size 
of the thyroid gland nor the pattern or 
absolute titer of thyroid autoan- 
tibodies is indicative of the functional 
status of a given individual and cannot 
be used to predict which patients are in 
remission. 

The results of the current study lead 
us to make the following conclusions 
and recommendations: (1) Individuals 
with euthyroid JAT may remain eu- 
thyroid for many years. (2) Full thy- 
roid hormone replacement therapy is 
indicated in all patients with hormonal 
evidence of compensated or overt hy- 
pothyroidism. (3) After two years of 
continuous therapy, a trial off treat- 
ment should be attempted since a sub- 
stantial percentage of patients will 
experience resolution of thyroid dys- 
function. (4) Lifelong surveillance of 
all patients seems warranted since the 
long-term outcome of JAT is presently 
unknown. 


The authors wish to thank Leonora LaForte for 
her expert secretarial assistance. 
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Book Review 


Human Experimentation: A Guided Step Into the Unknown, by W. A. 
Silverman, 204 pp, New York, Oxford University Press Inc, 1985. 


William A Silverman, MD, is a man of parts: he is a scholar, a 
humanistic physician, a clinical investigator, a teacher, and an 
“implacable skeptic” (his term). He has suggested, formally and 
informally, that the science of human biology might be more 
vigorous and credible if the participants all adopted the motto 
semper plangere (ie, always complain). 

Dr Silverman investigated fundamental problems in physiology 
and therapy in newborns before perinatology was “born.” He 
recognized the importance of—and used—randomized clinical 
trials at a time when too much clinical research still depended on 
authoritarian pronouncements, testimonials, and anecdotal evi- 
dence. 

Now Dr Silverman has written a book on human experimenta- 
tion, and it is a noteworthy book indeed. It blends three themes: 
historical material related to research in medicine; ethical issues 
relevant to clinical research; and methodological principles that are 
crucial in the design, execution, and interpretation of research in 
human biology. The historical scholarship adds color and charm to 
the more central issues: How must human research be structured 
so that the risks of fooling oneself and others are minimized? How 
can this be done in an ethical way? The book is not about 
biostatistics or numerical analysis; it presents very little arith- 
metic. It is, however, informed by the logic, the rules of evidence, 
and the principles of the scientific method as they apply to the 
architecture and ethics of the study of human biology. 

Dr Silverman does not tell the reader that he was a pioneer in 
clinical research in newborns nor how he became an authority on 
clinical trials and other research methods. I am impelled to offer a 
conjecture: Dr Silverman worked with the late John W Fertig, 
PhD, a distinguished (but unsung) biostatistician at Columbia 
University in New York. It is exciting to imagine the sparks ignited 
when the inquisitive, enthusiastic, skeptical clinician teamed up 
with the brilliant, articulate biostatistical savant as they organized 
and carried out elegant clinical trials with newborns. 

The book is short and clear. It is written for anyone (not just 
physicians) who is interested in the ethical and methodological 
issues involved in finding and using effective ways to study human 
biology. It is neither a cookbook for researchers nor a monograph 
for ethicists. 

There is much wisdom in this book; the following passages 
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convey the flavor of the discourse: 

“. . . hypotheses to be tested must be formulated before 
examining the data that are to be used to test them.” (p 18) 

“.. . our ability to nullify biasing influences rests entirely on 
precautions taken in the design of an experimental plan... . 
Statistical methods do not offer a formula to distinguish between 
planned and unplanned systematic influences.” (p 27; emphasis in 
original) 

“. . . random order of assignment in a treatment comparison 
trial does not solve the problem of external relevance. [Random 
assignment of treatment] does not increase the likelihood of 
drawing a representative sample of participants from the target 
population who are to be the beneficiaries of information acquired 
in the trial.” (p 38) 

“The [investigator] is tempted to analyze the results repeatedly 
as they accumulate and to stop the trial the moment ‘statistical 
significance’ is achieved. . . . The price of ‘peeking’ is often 
overlooked. Bettors who declare that the race is over when their 
horse is ahead have trouble collecting their money.” (p 124) 

“.. . almost any set of data, if sufficiently badgered, can be 
exhausted into submission.” (p 129) 

“... Ìt is only in attempts to explain his work to somebody who 
had not done it that [the researcher] can acquire the discipline of 
clear reasoned communication, which is also part of the scientific 
method.” (p 171) 

“|. . What we call ‘scientific objectivity’ is not the product of the 
individual investigator’s impartiality but a summation of the social 
and public character of the scientific method.” (p 171) 

“It is openness to criticism rather than philosophical arguments 
that constitutes the most substantial hope that scientific medicine 
will remain humane and responsive to human need.” (p 172) 

This exceptional book should be instructive and interesting to 
anyone concerned with historical, scientific, or ethical aspects of 
research in human biology. The author is uniquely equipped to lead 
us with amiable candor and wit through territory that, in less 
accomplished hands, might be deadly dull, condescendingly ar- 
cane, or blandly irrelevant. I plan to reread this book often and will 
not worry about the rule prohibiting “repeated peeks” at the data. 

GEORGE W. Brown, MD 

Los Lunas Hospital and Training School 
PO Box 1269 

Los Lunas, NM 87031 
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How Useful Is the Barium Enema in the Diagnosis 
of Infantile Hirschsprung’s Disease? 


Thomas L. Taxman, MD; Barry S. Yulish, MD; Fred C. Rothstein, MD 


èe We studied the usefulness of the 
barium enema to rule out Hirsch- 
sprung’s disease (congenital mega- 
colon) in the evaluation of infants with 
constipation. Results from barium 
enemas in 58 constipated infants and 
children who underwent rectal suction 
biopsies to rule out aganglionosis were 
evaluated in retrospect for the presence 
of a transition zone, delayed evacuation 
of barium, and colonic anatomic abnor- 
malities. As expected, the presence of a 
transition zone was most accurate in 
predicting Hirschsprung’s disease. 
Eighty percent of infants with aganglio- 
nosis had a roentgenographic transition 
zone, while 20% did not. Twenty-nine 
percent of infants with a suspected 
roentgenographic transition zone did 
not have aganglionosis. Delayed evacu- 
ation of barium was a poor predictor of 
aganglionosis. The presence of delayed 
evacuation of barium did not improve the 
accuracy of the transition zone to pre- 
dict Hirschsprung’s disease. Barium 
enemas did not reveal any additional 
colonic anatomic defects other than a 
transition zone to account for constipa- 
tion in our study group. These results 
demonstrated that the barium enema is 
not a specific enough screening proce- 
dure to rule out Hirschsprung’s disease 
in the unobstructed infant. Rectal suc- 
tion biopsy is diagnostic and should be 
performed as the procedure of choice 
in those infants suspected of having 
Hirschsprung’s disease. 

(AJDC 1986;140:881-884) 


Traditionally, the pediatrician has 

relied on the barium enema as the 
initial diagnostic procedure to estab- 
lish the diagnosis of Hirschsprung’s 
disease (congenital megacolon) in in- 
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fants and children with severe con- 
stipation. If the roentgenograms were 
suspicious, an intraoperative, full- 
thickness rectal biopsy was performed 
to confirm the suspected diagnosis of 
Hirschsprung’s disease. Absenee of 
ganglion cells from the submucosal 
and deep intramuscular plexus estab- 
lished the diagnosis.’ 

Recently, rectal suction biepsies 
have been used as an intermediate 
diagnostic procedure.** This technique 
has proved to be a simple, safe, and 
effective method of obtaining rectal 
tissue for histologic evaluation to rule 
out Hirschsprung’s disease, even in 
the small neonate. Recently, our 2xpe- 
rience has suggested that some chil- 
dren with suspicious findings on 
barium enemas have had normal rectal 
suction biopsy specimens. These chil- 
dren have prompted us to again ques- 
tion the reliability of the barium enema 
to predict Hirschsprung’s disease in 
children. The following case report 
illustrates our concern about using the 
barium enema as a screening proce- 
dure to rule out Hirschsprung’s dis- 
ease. 


PATIENT REPORT 


The patient was a 3880-g product of a full- 
term pregnancy in a 36-year-old woman 
with rheumatic heart disease, class A ges- 
tational diabetes, and hypothyroidism. The 
delivery was normal, with Apgar scores of 8 
and 9 at one and five minutes, respeetively. 
Results of the patient’s initial physical 
examination were normal, except for 
preauricular and facial skin tags. He passed 
a meconium stool on day 1 of life. On the 
second day of life, he developed ilious 
vomiting. Plain roentgenograms of the ab- 
domen revealed dilated loops of bowel, with 
multiple air-fluid levels. A barium 2nema 
did not show a transition zone, anc a 24- 
hour postevacuation roentgenogram taken 
without rectal manipulation showed com- 
plete evacuation of barium. Passage of a 


meconium plug on day 2 prompted the 
diagnosis of meconium plug syndrome, and 
further evaluation was not pursued. While 
breast-feeding, he passed one stool per 
week. At 9 months of age, when solid foods 
were added to his diet, the constipation 
worsened, and he began to pass a stool once 
every ten days. He was receiving rectal 
suppositories twice weekly that were of 
limited benefit. A barium enema was per- 
formed without prior bowel preparation 
and did not reveal a transition zone. There 
was partial evacuation of barium on a roent- 
genogram obtained eight hours later. 
He could not return for a 24-hour study. 
Follow-up with his physician was sporadic, 
and the constipation persisted, despite 
multiple forms of therapy. A third barium 
enema was performed at 3% years of 
age, and it revealed a massive, stool-filled 
colon with a transition zone. He was re- 
ferred to the pediatric gastroenterology 
service at our hospital, and a rectal suction 
biopsy was performed. No submucosal 
ganglion cells were present, and a full- 
thickness rectal biopsy specimen con- 
firmed aganglionosis. 


METHODS 


We retrospectively studied the medical 
records of all children younger than 1 year 
of age referred for the evaluation of con- 
stipation to the pediatric gastroenterology 
service at Rainbow Babies and Childrens 
Hospital, Cleveland, between the years of 
1978 and 1983. Fifty-eight children had 
undergone a barium enema as part of the 
evaluation of their constipation before their 
referral. Rectal suction biopsy was per- 
formed in each child to rule out Hirsch- 
sprung’s disease. These 58 children repre- 
sent our study population. 

A pediatric radiologist (B.S. Y.) reviewed 
all roentgenograms, including plain ab- 
dominal roentgenograms, for the presence 
of a transition zone, delayed evacuation of 
barium, and colonic anatomic abnormali- 
ties. Anatomic abnormalities were consid- 
ered to be colonic atresia and microcolon, 
such as can be seen with total colonic 
aganglionosis, meconium ileus, and ileal 
atresia.‘ The studies were performed by 
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several radiologists with variations in tech- 
nique. Therefore, where a definite transi- 
tion zone was not obvious, measurement of 
the rectosigmoid index could not always be 
applied in estimation of subtle transition 
zones.”* Delayed evacuation of barium was 
defined as a failure to evacuate 100% of 
barium from the entire colon by 24 to 48 
hours.’* The radiologist was unaware of the 
biopsy results. 

Rectal suction biopsy specimens were 
obtained using the Rubin multipurpose 
suction biopsy instrument. The children 
were placed in the left-lateral-decubitus or 
supine position, and the biopsy port of the 
instrument was positioned approximately 
1.5 to 2 cm proximal to the pectinate line. 
Three biopsy specimens were obtained, one 
each from the posterior and lateral rectal 
walls. Ten to 15 pounds per square inch of 
suction was applied, and a biopsy specimen 
was obtained. Immediate gross examina- 
tion of the biopsy specimens for the pres- 
ence of submucosa was made prior to place- 
ment of the biopsy specimens in Zenker’s 
solution. Biopsy specimens were prepared 
in paraffin sections, stained with hematox- 
ylin-eosin, then examined for the presence 
or absence of ganglion cells by a pediatric 
pathologist. The diagnosis of Hirsch- 
sprung’s disease was established by the 
absence of ganglion cells in the submucosa. 
Ifa biopsy specimen contained submucosa, 
it was considered adequate if ganglion cells 
were identified and inadequate if ganglion 
cells were absent. Inadequate biopsy re- 
sults were followed by a repeated rectal 
suction biopsy procedure. A repeated bi- 
opsy that did not contain ganglion cells was 
considered diagnostic for Hirschsprung’s 
disease if the biopsy specimen was at least 2 
mm long and 1 mm thick, including equal 
amounts of mucosa and submucosa. All 
children with biopsy specimens without 
ganglion cells underwent intraoperative, 
full-thickness biopsies at the time of surgi- 
cal repair to confirm the diagnosis of 
Hirschsprung’s disease. 

Each roentgenographic sign was evalu- 
ated for sensitivity and specificity. Sensi- 
tivity is the percentage of children with 
Hirschsprung’s disease who, on barium 
enema, demonstrated the roentgeno- 
graphic sign. Specificity is the percentage 
of patients without Hirschsprung’s disease 
who failed to demonstrate the sign. The 
positive predictive value (PPV) was calcu- 
lated for both signs, demonstrating the 
percentage of children with each sign who 
actually had aganglionosis; PPV repre- 
sents the true positive rate for each sign. 


RESULTS 


Fifty-eight study children were 
evaluated and ranged in age from 1 day 
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to 1 year. Thirty-five children (48%) 
were younger than 30 days of age. Six- 
teen children (28%) had aganglionosis 
or Hirschsprung’s disease. 

Barium enema revealed a transition 
zone in 21 children, delayed evacuation 
of barium in 26 children, and colonic 
anatomic abnormalities in five chil- 
dren. Of those children with anatomic 
abnormalities, three were neonates. 
Barium enema performed within the 
first three days of life showed findings 
secondary to meconium plug syn- 
drome in two neonates, both of whom 
had ganglion cells present on rectal 
suction biopsy. The third neonate was 
evaluated for intestinal obstruction on 
day 2 of life. Her barium enema re- 
vealed a displaced microcolon with il- 
eal atresia, and, at surgery, an ileoas- 
cending colostomy was performed. 
When she failed to produce a stool, a 
contrast enema showed an open anas- 
tomosis, but abnormal colonic peri- 
stalsis suggested Hirschsprung’s 
disease. On revision of her ileal colos- 
tomy, her colon was found to be agan- 
glionic. 

Two children had colonic strictures 
demonstrated by barium enema. Dur- 
ing the neonatal period, each child had 
had evidence of pneumatosis intesti- 
nalis and a clinical course consistent 
with necrotizing enterocolitis. Each 
had received medical therapy for nec- 
rotizing enterocolitis several months 
before the onset of constipation. Both 
children had ganglion cells present on 
rectal suction biopsy. Because these 
five children had anatomic structural 
abnormalities, they were excluded 
from the remainder of the study. 

All of the remaining 53 children had 
roentgenograms that were adequate 
for evaluation of a transition zone. 
These 53 infants constitute our study 
population. A total of 15 infants had 
aganglionosis. Twenty-one children 
had a transition zone; however, only 12 
had aganglionosis seen in rectal suc- 
tion biopsy specimens. The nine chil- 
dren with ganglion cells in the rectal 
suction biopsy specimen responded to 
intensive medical therapy, without re- 
currence of their constipation. A tran- 
sition zone could not be identified by 
barium enema in three of the 15 chil- 
dren with Hirschsprung’s disease. The 
sensitivity and specificity for the tran- 






n 
Sensitivity, % 
Specificity,% 76 (29/38) 27 (8/30) 
PPV, % 60 (12/21) 15 (4/26) 


*TZ indicates transition zone identified on 
barium enema; DEB, delayed evacuation of 
barium noted; n, number of infants with adequate 
roentgenograms to evaluate each sign; sensitiv- 
ity, percentage of children with aganglionosis who 
had this sign; specificity, percentage of children 
without aganglionosis who did not have this sign; 
and PPV, positive predictive value or the percent- 
age of children with this sign who actually had 
aganglionosis—the true positive rate. The num- 
bers in parentheses are the actual numbers of 
patients with or without each sign. 





80 (12/15) 57 (4/7) 















sition zone was 80% and 76%, respec- 
tively, for children younger than 1 year 
of age. None of the children had colonic 
anatomic abnormalities evident by 
barium, beyond the presence of a tran- 
sition zone. The PPV for the transition 
zone was 60%, meaning only 12 of the 
21 infants with a radiologic transition 
zone were correctly identified as hav- 
ing Hirschsprung’s disease by the 
presence of the transition zone (Table). 

Thirty-seven children had roent- 
genographic studies adequate for in- 
terpretation of delayed evacuation of 
barium (Table). Sixteen children did 
not have postevacuation roentgeno- 
grams taken. Either a roentgeno- 
graphic diagnosis of Hirschsprung’s 
disease had been made by the presence 
of a transition zone (six children), the 
roentgenograms were technically in- 
adequate for interpretation (six chil- 
dren), or the child could not return for 
24- and 48-hour postevacuation roent- 
genograms (four children). Twenty-six 
of the 37 children had delayed evacua- 
tion of barium. Four of these 26 chil- 
dren had aganglionosis. Therefore, 
15% of the children with delayed evacu- 
ation of barium had aganglionosis 
(PPV). Twenty-two children (85%) 
with delayed evacuation of barium had 
ganglion cells present. Three children 
had normal evacuation of barium but 
were subsequently found to have agan- 
glionosis. The sensitivity of delayed 
evacuation of barium was only 57% for 
children younger than 1 year of age, 
with a specificity of 27%. 
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To assess whether delayed evacua- 
tion of barium added to the accuracy of 
the transition zone to predict or rule 
out Hirschsprung’s disease, we evalu- 
ated the roentgenograms that showed 
the presence of both a transition zone 
and delayed evacuation of barium and 
those roentgenograms in which both 
signs were absent. Fifteen children 
had either both signs positive or both 
signs negative. Aganglionosis was 
present in five of these children. Three 
of the five children with both a transi- 
tion zone and delayed evacuation of 
barium were correctly identified as 
having aganglionosis, giving a PPV of 
60%. Two children had neither sign 
present; however, both had aganglio- 
nosis seen in biopsy specimens. Five 
children had both a transition zone and 
delayed evacuation of barium present, 
despite the presence of ganglion cells 
in the biopsy specimen. The combined 
tests for infants 2 days to 1 month of 
age had a sensitivity of 50% and a 
specificity of 83%. 

An analysis of the results of rectal 
suction biopsy revealed 51 (88%) of 58 
children had initial rectal suction bi- 
opsy specimens that were adequate for 
histologic interpretation. Ganglion 
cells were present in 40 of the 51 chil- 
dren. All children with ganglion celis 
present had resolution of constipation 
with medical therapy without a confir- 
matory intraoperative rectal biopsy. 
Eleven of the 51 children had intra- 
operative rectal biopsy specimens that 
confirmed the absence of ganglion 
cells. Seven children required re- 
peated rectal suction biopsy due to 
inadequate tissue sample. One child 
was found to have ganglion cells pres- 
ent; however, the remaining six were 
without ganglion cells. All children 
without ganglion cells, as seen in rec- 
tal suction biopsy specimens, were 
confirmed by intraoperative rectal bi- 
opsy to have Hirschsprung’s disease. 


COMMENT 


Hirschsprung’s disease was first de- 
scribed in 1887, and it has been seen to 
occur in one of 5000 live births.” Since 
1949, the barium enema has been used 
as the initial screening procedure in 
the evaluation of infants and children 
with constipation suggestive of 
Hirschsprung’s disease. The radiologic 
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study of Hirschsprung’s disease has 
been well deseribed.°*"” Visualiza- 
tion of a transition zone in the rectosig- 
moid is believed to be the single most 
reliable indication of Hirschsprung’s 
disease.”"® Delayed roentgenograms 
obtained at 24 and 48 hours after the 
initial barium enema to document poor 
emptying of the colon have also been 
considered important in establishing 
the diagnosis of Hirschsprung’s dis- 
ease in neonates and infants. In addi- 
tion, the barium enema examination is 
believed to provide useful information 
about the causes of poor evacuation, 
such as stricture, in those children 
without Hirschsprung’s disease. 

The transition zone has been the 
hallmark for the roentgenographic 
diagnosis of Hirschsprung’s disease.** 
Nine infants had normal rectal suction 
biopsy results, however, despite the 
presence of a roentgenographic transi- 
tion zone. Therefore, the presence of a 
transition zone on barium enema was 
falsely positive in nine (43%) of these 
constipated infants. In addition, a 
transition zone could not be identified 
in three children with aganglionosis. 
This failure to visualize a transition 
zone in infants with Hirschsprung’s 
disease has been previously recog- 
nized. ® 5” 

Delayed evacuation of barium. was 
found to be an unreliable predictor of 
Hirschsprung’s disease. This roent- 
genographic sign has been used in the 
evaluation of infants and young chil- 
dren because of their normally in- 
creased stool frequency compared 
with older children and adults. Since 
infants have increased stool frequen- 
cies, it has been assumed that they will 
evacuate barium sooner than older 
children and adults. Our data suggest 
that infants have a high percentage of 
false-positive studies for this sign, in 
addition to having the lowest sersitiv- 
ity (57%) and specificity (27%) of the 
methods studied. Twenty-two children 
(85%) had delayed evacuaticn of 
barium, despite having normal find- 
ings from rectal suction biopsies. 
Delayed evacuation of barium is com- 
monly present in infants with con- 
stipation and is not a reliable indicator 
of Hirschsprung’s disease. 

The presence of both a transition 
zone and delayed evacuation of barium 
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did not improve the ability of the 
barium enema to predict infants with 
aganglionosis. In addition, in two chil- 
dren, the absence of these two signs 
did not effectively rule out the dis- 
order. No anatomic abnormalities 
were identified in any of the infants 
who had delayed evacuation of barium. 
Thus, a barium enema did not provide 
additional information in determining 
the cause of constipation in these in- 
fants. 

Since the greatest morbidity and 
mortality of undiagnosed Hirsch- 
sprung’s disease is observed in chil- 
dren younger than 1 year of age, the 
need to establish a prompt diagnosis is 
evident.” This study demonstrates 
that the barium enema is not as sen- 
sitive or reliable as the rectal suction 
biopsy in ruling out Hirschsprung’s 
disease in constipated infants. Though 
the presence of a transition zone has 
been reported to be helpful in identify- 
ing older children with Hirschsprung’s 
disease, it can be misleading in infants. 
Delay in the evacuation of barium only 
suggests constipation and exposes the 
infant to added radiation, without in- 
creasing the sensitivity or specificity 
of the barium enema. 

The rectal suction biopsy has been 
demonstrated to be safe, efficient, and 
reliable and is an easily performed 
procedure.”*® The most salient advan- 
tage of the rectal suction biopsy is that 
it is diagnostic of Hirschsprung’s dis- 
ease and obviates the need for addi- 
tional procedures. The rectal suction 
biopsy replaces the need for the full- 
thickness biopsy. An important com- 
plication of the full-thickness biopsy is 
the formation of scarring and adhe- 
sions that may interfere with the sur- 
gical corrective procedures for 
Hirschsprung’s disease. The rectal 
suction biopsy can be performed with- 
out anesthesia in an ambulatory set- 
ting by a pediatric gastroenterologist 
or surgeon. A pathologist, however, 
must be available to interpret the bi- 
opsy specimens for the presence or 
absence of ganglion cells. 

Certainly, the infant presenting 
with vomiting and intestinal obstruc- 
tion requires appropriate radiologic 
evaluation that may include barium 
enema for lesions, such as meconium 
ileus, ileal atresia, and total colonic 
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aganglionosis, that produce micro- 
colon, colonie atresia, and Hirsch- 
sprung’s disease itself. We did not find 
the barium enema to be useful in the 
evaluation of neonates beyond the first 
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few days of life and infants without a 
history of necrotizing enterocolitis 
who present with severe constipation. 
These neonates and infants should 
undergo rectal suction biopsy as the 
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Incorrect Surname.—In the article titled “The False Cortical Thumb,” 
published in the April AJDC (1986;140:375-376), the surname of one of the 
authors was spelled incorrectly. On pages 375 and 376, in the by-line, affiliation 
footnote, and running foot, the coauthor’s surname should have read E. E. Gilles, 
MD (instead of Giles). 


Incorrect By-line Signature.—In the PEDIATRIC Forum letter titled “Nu- 
trient Intakes From Cow’s Milk and Infant Formula,” published in the May 
AJDC (1986;140:406-408), the by-line signature to the “In Reply” letter was 


incorrect. On page 408, column 1, the authors of the “In Reply” letter should have 
been cited in the following order in the signature: 
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Intensive Care for High-Risk Infants in Calcutta 


Efficacy and Cost 


Chitra Subramanian, MBBS, DCH; Cherie Clark-Prakash, RN; 


Zarine K. Dadina, MBBS, DCH; Bruce Ferrara, MD; Dana E. Johnson, MD, PhD 


è The efficacy and cost of implement- 
ing an intermediate level of newborn in- 
tensive care (INIC) was retrospectively 
evaluated over a four-year period in Cal- 
cutta to see if survival could be improved 
at low cost using indigenous human and 
material resources. The patient popula- 
tion (94.7% =2500 g) included all infants 
admitted to the facilities operated by the 
international Mission of Hope (India) 
Society. Survival was compared within 
250-g increments in 1980 and 1981, when 
infants with major medical problems 
were hospitalized in outside facilities 
(mortality, 100%) and 1982 and 1983, 
when INIC was provided completely 
within the facility. Overall survival in- 
creased from 37.9% (n = 504) in 1980 and 
1981 to 70.5% (n = 581) in 1982 and 1983. 
Infants weighing 1251 to 2000 g benefited 
greatly (34.4% [n = 279], 74.8% [n = 322]) 
from INIC. Survival of infants weighing 
1250 g or less, although improved, re- 
mained low (5.6% [n=89] to 23.1% 
[n=108]). The average daily cost for the 
entire period of hospitalization was 
$7.75. These data indicate that survival 
in infants of low birth weight can be 
improved with INIC at modest cost using 
resources already available within the 
community. However, the application of 
this type of program must still be consid- 
ered in relation to strategies designed to 
reduce the number of infants of low birth 
weight as well as to the long-term goals 
and available financial resources in non- 
industrialized countries. 

(AJDC 1986;140:885-888) 


dvances in newborn intensive care 
during the past decade have re- 
sulted in a marked decrease in mor- 
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tality and morbidity of infants of low 
birth weight.’* However, because of 
the cost and the technological and edu- 
cational intrastructure required to de- 
velop and implement such programs, 
these benefits have only been realized 
in prosperous industrialized nations. 
As the high mortality of infants of low 
birth weight in developing countries 
contributes heavily to high peri- 
natal,°” neonatal,** and infant’*” 
mortalities, sophisticated newborn in- 
tensive care units could undoubtedly 
improve these statistics. However, as 
currently practiced in Europe and 
North America, such care would be 
prohibitively expensive” and may 
be considered morally unjustifiable in 
view of limited health care resources. 

While it may seem self-evident that 
improving care for high-risk infants 
reduces mortality, it is not at all clear 
how best to accomplish this goal in 
developing countries. The key issue is 
identifying a level of care or technol- 
ogy transfer that will benefit the 
greatest number of infants at accept- 
able cost utilizing almost exclusively 
the resources already available in an 
economically depressed community. 
This report details our four-year expe- 
rience caring for an extremely high- 
risk population of infants of low birth 
weight in Calcutta. Our data suggest 
that survival can be greatly improved 
in infants with birth weights greater 
than 1250 g at modest cost by applying 
an intermediate level of newborn in- 
tensive care (INIC) adapted for use in 
the local environment. 


PATIENTS AND METHODS 


This study consists of a retrospective 
review of all newborn infants (n=1085) 
admitted during the calendar years of 1980 


through 1983 to the facilities operated by 
the International Mission of Hope (India) 
Society in Caleutta. 


Patient Population 


Infants included in this study were pre- 
dominantly (>95%) liveborn products of 
elective, oxytocin-induced terminations of 
unwanted pregnancies during the third tri- 
mester or, secondarily (<5%), infants aban- 
doned by their parent(s) in Caleutta hospi- 
tals following delivery. Infants who were 
liveborn products of elective terminations 
of pregnancy were not provided with food, 
and were only occasionally provided with 
warmth before admission, which usually 
occurred within 48 hours of delivery, a 
condition that no doubt accounts for the low 
number of infants with significant perinatal 
problems (eg, respiratory distress syn- 
drome, asphyxia) admitted to the facility. 
The small number of infants who were 
cared for within hospitals were generally 
full term and were provided with warmth 
and nutrition before admission. 

Infants were transported to the facility 
by the International Mission of Hope staff 
during daily rounds of referral sources. All 
living infants, regardless of birth weight or 
medical condition at the time of admission, 
were included in this study. Although in- 
fants of all birth weights were included in 
the study, 94.7% weighed 2500 g or less on 
admission. Gestational age assessment was 
not routinely performed on each infant; 
therefore, each admission weight was the 
only consistent criterion available for anal- 
ysis. 


Facilities 


During the first two years of this study 
(1980 and 1981), only healthy infants were 
housed and cared for in the society’s facili- 
ties. Infants with significant medical prob- 
lems were cared for in outside hospital 
facilities, with a mortality that approached 
100%. Because of the expense of hospi- 
talization and the universally poor out- 
come, arrangements were made in Novem- 
ber 1981 to accommodate and care for all 
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infants at the society’s headquarters at a 
level of care comparable with INIC (level 
II).” 

These facilities included 3600 sq ft di- 
vided equally between patient care areas 
and administration, staff housing, and sup- 
port services. The average daily patient 
census was approximately 70 infants, with 
an average stay of three months. A full- 
time supervisory staff pediatrician (C.S.) 
and a consulting pediatrician (Z.K.D.) con- 
stituted the senior medical staff. Four addi- 
tional physicians, two pediatricians, and 
two physicians in postgraduate pediatric 
training completed the full-time medical 
staff. The nursing staff included the direc- 
tor of the International Mission of Hope 
(C.C.-P.), seven formally trained regis- 
tered nurses, and an average of 120 women 
with little or no previous formal education, 
who were recruited and trained by the 
International Mission of Hope to be pri- 
mary providers of care to the infants. 

The intermediate care nursery consisted 
of four large rooms in which infants were 
cohorted into one of seven partially en- 
closed patient care areas, depending on 
their medical problems and the presence or 
absence of suspected communicable agents 
(eg, diarrhea). The patient-to-staff ratio 
varied between 1:1 care for infants with 
significant medical problems or very low 
birth weight to 2:1 care for convalescing 
infants. Once assigned to an infant, care 
givers continued to provide care until the 
time of discharge. Despite the crowded 
conditions, the incidence of nosocomial in- 
fections was low, except during the summer 
months when the heat and monsoons placed 
unbearable stress on the already-strained 
safeguards of cleanliness and cohorting of 
infants, care givers, laundry, and supplies 
within individual patient care areas. 

The mean daily temperature in Calcutta 
ranges from 18.3°C to 29.4°C (65°F to 
85°F).” Therefore, thermal support was 
provided in most cases by bundling infants 
in cotton blankets. Two incubators were 
available but generally were not used be- 
cause of the unreliability of the electrical 
supply and unavailability of spare parts. 
Parenteral fluids were provided through 
peripheral intravenous infusion. Umbilical 
arterial and venous catheters were not 
used. Infants were either bottle- or gavage- 
fed beginning with diluted artificial for- 
mula made with filtered boiled water and 
advanced as tolerated. Breast milk was not 
utilized, as no donor mothers or storage 
facilities were available. Intravenous and 
intramuscular antibiotics were available 
for presumed or documented sepsis. White 
or blue fluorescent light phototherapy or 
sun exposure through glass was provided 
for jaundice. Whole blood for transfusion, 
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Comparison of infant survival by admission weight before (1980 and 1981; n = 504) (solid 
bars) and after (1982 and 1983; n=581) (shaded bars) initiation of intermediate-level 
newborn intensive care at facilities operated by International Mission of Hope (India) 
Society, Calcutta. Numbers on top of bars indicate number of infants in each group; 
asterisk, P<.025; and dagger, P<.001. See “Patients and Methods’ section for discussion 


of statistical significance (x° test). 


screened for hepatitis B and malaria, was 
available from a commercial blood bank. 
Laboratory tests were performed by a com- 
mercial laboratory and included total and 
direct reacting bilirubin determinations, 
electrolyte determinations, hemoglobin 
and hematocrit determinations, leukocyte 
count and differentials, spinal fluid analy- 
sis, and spinal fluid, urine, and stool 
cultures and sensitivities. Oxygen was 
available and was utilized for respiratory 
distress, clinical cyanosis, and apnea; how- 
ever, blood gas determinations were not 
available. Although mechanical ventilatory 
support was not utilized, short-term, 
positive-pressure ventilation with a bag 
and mask, as well as theophylline, were 
available for treatment of mild respiratory 
distress and apnea. 

Survival was defined as discharge from 
the institution to an adoptive home in 
North America, Western Europe, or, in a 
few cases, India. Postdischarge mortality 
(<1%), documented by follow-up data in 
court-mandated postadoption reports, was 
not considered in the analysis of the data. 


Statistical Analysis 


A complete lack of prenatal and perinatal 
data on these infants precluded rigorous 
statistical comparison of survival in pre- 
and post-INIC cohorts. Prenatal informa- 
tion was completely lacking, as all infants 
were delivered and abandoned by unidenti- 
fied mothers who were either socially stig- 
matized by the pregnancy or unable to 


provide care for the child. The majority of 
infants were delivered in facilities that kept 
no labor and delivery records. However, as 
most infants were born as a result of an 
elective termination of unwanted pregnan- 
cies, it would be fair to assume that the 
conditions surrounding labor and delivery 
were not favorable for the child. Though we 
cannot conclusively demonstrate that the 
infants in the two study groups were 
strictly comparable, the sources of refer- 
ral, their facilities, and the delivery tech- 
niques did not change between 1980 and 
1981 and 1982 and 1983. If one accepts the 
premise that enrollment of all living infants 
into the study fulfills a random sampling 
requirement and that the universally ad- 
verse conditions surrounding gestation, la- 
bor and delivery, and the immediate post- 
partum period render these two groups 
comparable, all survival differences stated 
in the text are statistically significant (P 
<.001) using x* analysis. 


RESULTS 


Overall survival significantly in- 
creased from 37.9% (n=504) in 1980 
and 1981 to 70.5% (n= 581) in 1982 and 
1983 following the implementation of 
INIC within the facility. This improve- 
ment in survival occurred in all admis- 
sion weight categories except for the 
smallest infants (<750 g) (Figure). In- 
fants with birth weight between 1251 
and 2000 g seemed to benefit greatly 
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from the higher intensity of care, with 
survival increasing from 34.4% 
(n=279) in 1980 and 1981 to 74.8% 
(n= 322) in 1982 and 1983. Infants with 
admission weights greater than 2000 g 
demonstrated a significant though less 
dramatic increase in survival, from 
69.1% (n=136) in 1980 and 1981 to 
95.4% (n=151) in 1982 and 1983. In- 
fants with birth weights of 1250 g or 
less, despite a 400% increase in sur- 
vival from 5.6% (n=89) in 1980 and 
1981 to 23.1% (n=108) in 1982 and 1983, 
still had an overall poor chance of sur- 
vival. Despite the use of oxygen with- 
out the capability to perform blood gas 
analysis, only one extremely prema- 
ture infant was found to have signifi- 
cant visual impairment by retrolental 
fibroplasia. 

Although admissions of infant girls 
predominated in 1982 and 1983 (male, 
43.4%; female, 56.6%; n=581), there 
was no significant difference in total 
survival (male, 68.7%; female, 72%) or 
survival in the various admission 
weight categories between male and 
female infants (x* test). Data were not 
readily available on the sex of infants 
admitted during 1980 and 1981. 

Survival of infants weighing more 
than 1750 g in 1982 and 1988 seemed 
excellent in all groups (>90%). There- 
fore, admission temperatures were 
compared between the survivors and 
nonsurvivors among the smaller in- 
fants (751 to 1750 g) to determine if 
further attention to this most funda- 
mental principle of newborn care 
might conceivably improve survival 
even further. Infants with rectal tem- 
peratures on admission of at least 
35.6°C had more than a twofold greater 
chance of surviving than those infants 
with rectal temperatures less than 
35.6°C (71.4% [n=196] v 33.6% 
[n=104]; P<.0005) ( test). 

The cost for the entire period of 
hospitalization averaged $700 per sur- 
viving infant, for an approximate daily 
cost of $7.75 based on an average 90- 
day stay. Approximately 50% of this 
money was spent on staff salaries, the 
largest proportion going to pay the 
infants’ primary care givers. The total 
and daily costs are, at best, a gross 
estimate of the actual cost of INIC, as 
the average three-month time lag from 
birth to placement was more often 
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mandated by court proceedings and 
immigration requirements than a need 
for continuing medical care. 


COMMENT 


The major contribution of the 
greater than 30% incidence” of pre- 
mature infants and infants of low birth 
weight to India’s high perinatal,” neo- 
natal,” and infant’*” mortalities has 
been documented repeatedly. All 
three statistics could be significantly 
decreased by increasing the survival of 
these infants.” While the provision 
of INIC could be part of the solution, 
our data must be interpreted within 
the limits of our patient population. 
Our study dealt with a relatively select 
group of infants and should not be 
interpreted as demonstrating an in- 
crease in survival in all infants. The 
infants who were admitted to the facil- 
ity, though at high risk, were strong 
enough to have endured an initial pe- 
riod of thermal and energy stress and 
had sufficient pulmonary maturity to 
not require mechanical ventilatory 
support. Although speculative, excess 
preadmission mortality in male infants 
may have accounted for the uncharac- 
teristic finding of equal male-female 
mortality following admission. There- 
fore, while methodological limitations 
prevent firm conclusions from being 
drawn, our data strongly suggest that 
the survival of infants of low birth 
weight who are free of significant un- 
derlying primary medical problems 
can be enhanced by employing an 
INIC. Further improvement may in- 
deed be possible at minimal cost by 
providing thermal support in the form 
of insulation or hot packs to these 
infants before admission. The ob- 
served high mortality in hypothermic 
infants weighing no more than 1750 g 
agrees with both the initial observa- 
tions by Budin” in 19th-century Paris 
and the recent studies of transported 
infants of very low birth weight in 
North America.*” 

Although the cost of $7.75 per day 
($700 total cost) for such care may 
seem low when compared with the cost 
of traditional level III or even level II 
newborn intensive care in the United 
States and Western Europe, it actually 
is quite high in comparison with India’s 
annual per capita income of $180 and 
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annual expenditure on health care of $2 
per person.” Those who are accus- 
tomed to the high costs of such care 
and have routine access to enormous 
numbers of health care dollars might 
consider $7.75 per day to be an irre- 
sistible bargain. However, in a country 
where one third of the population may 
lack access to a safe water supply, 
decisions on how to utilize precious 
health care resources are far more 
difficult to make.” 

With a national population of over 
700 000 000 people” and a birth rate of 
over 30/1000 population,” the provision 
of such low-cost care in India, even ona 
limited basis, could become extremely 
expensive. However, INIC may not 
benefit all infants equally. Previous 
studies within the Indian population of 
infants of low birth weight have dem- 
onstrated a marked increase in the 
survival of infants with birth weights 
above 2000 to 2500 g.“ While in- 
fants weighing more than 2000 g dem- 
onstrated an increase in survival with 
INIC, this increase was less than in 
infants weighing between 1251 and 
2000 g. Infants weighing no more than 
1250 g seemed to benefit the least from 
INIC. While the survival percentage 
increased dramatically, such infants 
still had only a 23% overall chance of 
surviving. The higher incidence of 
hyaline membrane disease, intol- 
erance to cold stress, and the problems 
of alimentation and infection no doubt 
contributed to the high mortality in 
this group. As noted in other studies 
from developing countries,” signifi- 
cant improvement in survival within 
this population would almost certainly 
require a far larger commitment to 
expensive technology than could pres- 
ently be justified. 

Intermediate-level newborn inten- 
sive care, at best, could never be more 
than a small portion of what must be a 
multifaceted approach for reducing 
perinatal, neonatal, and infant mortal- 
ity. Reduction in the incidence of pre- 
mature infants and infants of low birth 
weight through improved public health 
measures, family planning, maternal 
nutrition, and prenatal care must still 
be considered to be the most effica- 
cious and cost-effective method of cop- 
ing with this dilemma.°*"****™** This 
would seem to be true tcularly in 


















the case of extremely premature in- 
fants or infants of very low birth 
weight, as further improvement in sur- 
vival within this group of infants would 
require a significant commitment to 
far more expensive newborn intensive 
care.” 

Our data suggest that INIC can play 
an important adjunctive role by en- 
hancing survival in infants weighing 
more than 1250 g who are free of major 
primary medical problems and who 
only require attention to the funda- 
mental precepts of care for high-risk 
infants. Although the cost is relatively 
high in comparison with the resources 
of the country, a large portion of 
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expenditures goes to providing em- 
ployment for women with limited edu- 
cational backgrounds, a chronically 
underemployed population worldwide. 

One final consideration must also be 
taken into account before embracing 
the concept of INIC as a means to 
reduce mortality in this population of 
high-risk infants. All surviving infants 
in this study were placed in adoptive 
homes that could provide the financial 
and emotional support needed to deal 
with the potential developmental dis- 
abilities and long-term medical prob- 
lems inherent in this population.** 
Thus, assuring survival is only one 
part of meeting the long-term medical 
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Exaggerated Jaundice in 


Navajo Neonates 


The Role of Bilirubin Production 


John D. Johnson, MD; Pamela Angelus, RN; Marilyn Aldrich, RN; Betty J. Skipper, PhD 


è We have explored further the mecha- 
nism of exaggerated neonatal hyperbili- 
rubinemia in the Navajo by determining 
bilirubin production rates with measure- 
ments of endogenous carbon monoxide 
excretion. Navajo newborns had ele- 
vated serum bilirubin concentrations 
and endogenous carbon monoxide ex- 
cretion measurements at 2 days of age 
compared with a Caucasian control pop- 
ulation. These findings could not be ex- 
plained by differences in gestational 
age, postnatal age, or hemoglobin con- 
centration. We conclude that accentu- 
ated bilirubinemia in Navajo neonates is 
partially due to increased bilirubin pro- 
duction. 

(AJDC 1986;140:889-890) 


(pre ethnic group reported to have 

exaggerated neonatal hyperbili- 
rubinemia is the Navajo.’ Although an 
“early onset” breast milk factor that 
inhibited glucurony] transferase activ- 
ity in vitro appeared to contribute to 
this finding, exaggerated jaundice was 
found even in formula-fed Navajo neo- 
nates.’ Therefore, in an attempt to 
elucidate further the pathogenesis of 
accentuated hyperbilirubinemia in the 
Navajo infant, we studied rates of 
bilirubin production in this population. 


SUBJECTS AND METHODS 


Twenty-five control (12 Hispanic, 13 
white) and 16 Navajo neonates (15 full- 
blooded; one half Navajo, half Cherokee) 
between 36 and 42 weeks’ gestation, all of 
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appropriate weight for gestational age, 
were enrolled in this study. All of the 
neonates had negative direct Coombs’ tests 
on cord blood, and none had cepha- 
lohematoma or other significant bruising. 
All of the mothers had uncomplicated preg- 
nancies. By history, none were receiving 
phenobarbital, phenytoin, or other drugs 
known to influence serum bilirubin coneen- 
trations in neonates. Mothers who received 
oxytocin induction or stimulation of labor 
were excluded from the study. All of the 
neonates had Apgar scores greater than 
or equal to 6 and greater than or egual 
to 7 at one and five minutes, respectively. 
Rates of bilirubin production were assessed 
by determining the endogenous excre- 
tion of carbon monoxide (Veco) as clos2 as 
possible to 48 hours of age, by a previously 
described technique.’ Additional labera- 
tory studies obtained within four hours of 
the Veco determination were total bilirubin 
and hemoglobin concentrations and ret.cu- 
locyte count, by conventional laboratory 
methodology. The study was approved by 
the Human Research Review Committee of 
the University of New Mexico, Albuquer- 
que, and informed, signed, parental con- 
sent was obtained for all study neonates. 
Differences in the variables between con- 
trol and Navajo neonates were compared by 
the unpaired t test. 


RESULTS 


The only significant differences be- 
tween control and Navajo newborns 
were in total bilirubin concentration 
and Veco, both of which were signifi- 
cantly increased in Navajo newborns 
(Table 1). Reticulocyte counts in 
Navajo neonates were slightly higher 
than in controls, but this differenee 
was not statistically significant. 

One factor known to influence Veeo 
is gestational age.* However, even 
when neonates who had completed less 
than 38 weeks’ gestation were elimi- 
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nated from both groups, Veco was still 
considerably higher in Navajo than 
control neonates (Table 2). Postnatal 
age affects both serum total bilirubin 
concentration and reticulocyte count.*° 
Navajo neonates were studied at a 
slightly earlier postnatal age than 
were controls (41+15 hours vs 46+7 
hours). If we consider only neonates 
studied at age 36 hours or greater, 
differences in the total serum bilirubin 
concentration are accentuated (control, 
6.9+2.3 mg/dL [118 +39 pmol/L]; Nav- 
ajo, 9.2+2.3 mg/dL [157+ 389 pmol/L); 
P<.05), the trend toward significant 
difference in reticulocyte count is 
lessened (control, 5.9% +2.7%; Nav- 
ajo, 7.6%+4.5%; P=.19), and the dif- 
ference in Veco remains highly signifi- 
cant (Table 2). When considering both 
gestational age of 38 weeks or greater 
and postnatal age of 36 hours or 
greater, Veco is still significantly 
higher in Navajo vs control neonates 
(P<.01). 

Within the control group there were 
no significant differences in either 
total serum bilirubin concentration or 
Veco between Hispanic and white new- 
borns. We found no difference in the 
incidence of breast- vs formula-feeding 
when comparing Navajo and control 
neonates (x’=0.574, P=.45, with 
Yates correction) and highly signifi- 
cant differences in Veco between 
Navajo neonates and controls, re- 
gardless of the mode of feeding. 


COMMENT 


Various ethnic groups have been re- 
ported to have unexplained accentu- 
ated neonatal hyperbilirubinemia, in- 
cluding newborns from the island of 
Lesbos in Greece,’ Oriental neonates,’ 















Gestational 
Age, wk 


39.5+1.8 
39.0+1.8 


No. of 


Group Infants 
Control 


Navajo 


*Values in table are expressed as mean+ SD. Veco indicates endogenous carbon monoxide excretion. 


tP<.05 by unpaired t test. 
+P<.001 by unpaired t test. 
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Navajo 
Infants =36 h of age 
Control 
Navajo 
Infants =38 wk gestational age and 
=36 h of age 
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Total 
Bilirubin 
Concentration, 
mg/dL (mol/L) 
6.9+2.3 (118+39) 


8.6+2.5 (147 +43)t 


Hemoglobin 
Concentration, 


g/dL (g/L) 
18.9+2.0 (189+ 20) 
19.0+2.1 (190+21) 





20.7 + 4.3 
26.3+5.0 


20.4+4.3 
26.1+5.3 


*Values for Veco are expressed as mean + SD. Veco indicates endogenous carbon monoxide excre- 


tion. 


and Navajo neonates.’ For Greek neo- 
nates, epidemiologic evidence sug- 
gests that the unknown factor may be 
environmental. Chen and Lee’ pre- 
sented evidence for both increased 
heme catabolism and diminished 
glucuronide conjugating capacity in 
Chinese newborns with hyperbili- 
rubinemia, while Cohen et al” found no 
evidence for increased heme cata- 
bolism in Oriental neonates. 

Our findings in this study demon- 
strate the multifactorial nature of ex- 
aggerated jaundice in Navajo neo- 
nates. Saland et al’ have shown that 
breast milk from Navajo mothers in- 
hibits glucuronyl transferase activity 
in vitro even early in the postnatal 
period when compared with breast 
milk samples from black, Hispanic, or 
Anglo mothers. However, this breast 
milk factor did not account entirely for 
the exaggerated hyperbilirubinemia 
in Navajo neonates, since bottle-fed 
Navajo neonates had significantly 
higher serum bilirubin concentrations 
than the control population on days 1 to 
4 of age. The potential effect of altitude 
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on neonatal hyperbilirubinemia can be 
invoked to help explain the data of 
Saland et al.’ A recent retrospective 
study” suggests that there is an in- 
creased incidence of neonatal hyper- 
bilirubinemia at high altitude, al- 
though these observations should be 
verified prospectively. The Navajo 
newborns in the study of Saland et al 
were born in Tuba City, Ariz, at an 
altitude of 1250 m, and the controls 
were born in New York at sea level. 
However, in our study all neonates 
were born at the same altitude 
(1500 m), and the Navajo neonates still 
had significantly higher bilirubin con- 
centrations at age 2 days than did 
controls. These data suggest that the 
effects of altitude do not explain the 
observed differences in serum bili- 
rubin levels between Navajo and non- 
Navajo newborns. We also demon- 
strated significantly higher rates of 
bilirubin production in Navajo new- 
borns compared with controls, regard- 
less of whether they were breast-fed or 
bottle-fed. This finding cannot be ex- 
plained by differences in postnatal 


Reticulocyte 
Count, % 


5.9+2.6 (0.06 +0.03) 
8.0+4.3 (0.08 +0.04) 


21.0+4.5 
27.6+6.6ł 


age, gestational age, or hemoglobin 
concentration. 

We conclude that accentuated bili- 
rubinemia in Navajo neonates is par- 
tially secondary to increased bilirubin 
production. Differences in red cell me- 
tabolism and/or membrane structure 
may be responsible for this observa- 
tion and deserve further investigation. 


This study was supported in part by grants 
RR-00997 and HD-11327 from the National Insti- 
tutes of Health, Bethesda, Md. 
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Buceal Cellulitis Reevaluated 


Stephen A. Chartrand, MD, Christopher J. Harrison, MD 


e We studied 72 children (17 prospec- 
tively) with acute buccal cellulitis. The 
median age was 11 months. Fifty-five 
percent of patients were bacteremic, and 
three children without meningeal signs 
or symptoms had concomitant meningi- 
tis. Cellulitis aspirate cultures (eight of 
35 positive) and urine bacterial antigen 
tests (13 of 27 positive) were useful in 
making an etiologic diagnosis. Infec- 
tions due to other bacteria were clini- 
cally indistinguishable from those due 
to Haemophilus influenzae type b. The 
right cheek was affected more often than 
the left, and only 23 (32%) of 72 patients 
had otitis media ipsilateral to the in- 
volved cheek. The pathogenesis of buc- 
cal cellulitis likely involves direct mu- 
cous membrane invasion rather than 
spread from the ipsilateral middle ear. 

(AJDC 1986;140:891-893) 


uccal cellulitis is an uncommon but 
distinctive infection that was first 
described by Alexander’ in 1953. Of 
the numerous subsequent case re- 
ports,” only two have included more 
than ten patients. The reported fre- 
quency of associated illnesses varies 
greatly: for otitis media, it is 20% to 
100%°7; for meningitis, 0% to 10%**"; 
and for bacteremia, 40% to 100%.*" 
Moreover, the pathogenesis of buccal 
cellulitis is unclear. Some authors sug- 
gest direct bacterial invasion across 
traumatized mucous membranes? or 
hematogenous’ seeding of buccal soft 
tissues. Another group claims that 
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buccal cellulitis is always secondary to 
lymphatic extension from an ipsilat- 
eral otitis media“; this view is now 
widely held and quoted in a major 
pediatric infectious disease textbook.” 
However, our own prospective obser- 
vations in 17 children with buccal cellu- 
litis differed from observations de- 
scribed in these previous reports, 
especially regarding the association 
with otitis media. The purpose of the 
present study, therefore, was to re- 
evaluate the clinical and laboratory 
findings in a large number of children 
with buccal cellulitis, with special em- 
phasis on the frequency of associated 
illnesses. 
PATIENTS AND METHODS 

We prospectively examined 17 children 
with acute buccal cellulitis (defined as an 
area of swelling, tenderness, induration, 
and warmth of the buccal soft tissues in the 
absence of an adjacent skin lesion). We also 
reviewed the medical records of all other 
children (n= 55) treated for buccal cellulitis 
at the University of Oklahoma Childrens 
Memorial Hospital, Oklahoma City, or the 
University of South Alabama Medical Cen- 


ter, Mobile, from 1974 to 1985 and at the - 


Cincinnati Childrens Hospital Medical 
Center from 1983 to 1985. Patients with 
periorbital or orbital cellulitis were ex- 
cluded. For patients seen prospectively, 
careful inspection of the tympanic mem- 
brane for increased vascularity, bulging, 
and dullness was carried out, along with 
pneumatic otoscopy. A retrospective diag- 
nosis of otitis media was accepted in the 
other 55 patients for any appearance or 
description of the tympanic membranes 
other than “normal” or slight erythema 
with normal movement on insufflation. 
Bacteriologic diagnosis was confirmed by 
growth in culture (blood, cellulitis aspirate, 
cerebrospinal fluid [CSF], nasopharynx) or 
the detection of bacterial antigens in urine. 
All urine specimens were heated prior to 
testing to eliminate nonspecific aggiutin- 
ation. Bacterial isolates were identified by 
means of standard reference methods." 
Results were analyzed for statistical sig- 
nificance by the Mantel-Haenszel x? test. A 


P value of .05 or less was considered signifi- 
cant. 


RESULTS 


Seventy-two patients were included 
in the study (42 from the University of 
Oklahoma Childrens Memorial Hospi- 
tal, 16 from the Cincinnati Childrens 
Hospital Medical Center, and 14 from 
the University of South Alabama Med- 
ical Center); 17 of these were seen 
prospectively by one of us. The find- 
ings in these 17 children did not differ 
significantly (data not shown) from the 
remainder, so the results for all pa- 
tients were combined. The median pa- 
tient age was 11 months, with a range 
of 1.5 to 64 months (Figure). Boys and 
girls were affected equally. The racial 
distribution reflected the overall pat- 
tern of admissions for the three hospi- 
tals. Cases occurred in every month of 
the year but were more common in fall 
and winter. (Half of the cases were 
seen from October through January.) 

Two thirds of the patients had been 
ill with fever or cheek swelling for less 
than 24 hours prior to admission 
(range, four hours to five days). In 57 
(79%) of the patients, the admission 
temperature was at least 38.5°C. The 
right cheek was affected more com- 
monly than the left (P<.01), as shown 
below: 


Involved 
Cheek 
—_—_—_—_—_———s 
Otitis Media R L 
Right 6 1 
Left 3 6 
Bilateral 9 2 
Not present 30 15 
Total 48 24 


Overall, otitis media was present in 
only 27 (38%) of the patients and was 
ipsilateral to the involved cheek in 23 
patients (32%). (Ipsilateral otitis me- 
dia was present in only four [24%] of 
the 17 patients examined prospectively 
[P=.40, prospective vs retrospec- 
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tive].) When otitis media was unilat- 
eral, it was on the same side as 
the involved cheek in 12 (75%) of 16 
cases. 

Admission peripheral white blood 
cell counts ranged from 4100 to 
44 100/mm? (4.1 to 44.1x10°/L) and 
were greater than 15 000/mm* 
(15.0 x 10°/L) in 47 (65%) of 72 patients. 
The initial mean (+ SD) percentage of 
granulocytes was 63% + 15%. 

Blood cultures were positive in 38 
(55%) of 69 patients (with Haemophi- 
lus influenzae type b in 35, Streptococ- 
cus pneumoniae in two, and Strepto- 
coccus agalactiae in one). Of five chil- 
dren pretreated with antibiotics, two 
had positive blood cultures, and one 
had a positive CSF culture only (blood 
culture not done). Bacteria were iso- 
lated from eight (23%) of 35 pretreat- 
ment cellulitis aspirates (H influenzae 
type b in six, Streptococcus pyogenes 
in one, and Haemophilus parainfluen- 
zae in one); in three cases, these were 
the only positive cultures obtained. 
Two children had a heavy growth of 
H influenzae type b in the oropharynx 
only. Urine bacterial antigen tests 
(performed in patients seen after Janu- 
ary 1981) were positive for H influen- 
zae type b in 13 (48%) of 27 patients. In 
four children, the antigen test was 
positive when all cultures were nega- 
tive. Overall, a bacteriologic diagnosis 
was made in 48 (67%) of the 72 pa- 
tients. 
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Pretreatment CSF was examined in 
50 patients, including all patients seen 
prospectively. Cultures were positive 
for H influenzae type b in two patients 
whose CSF white blood cell counts 
were 3 and 408/mm‘* (0.003 x 10°/L and 
0.408 x 10°/L), respectively. A patient 
with a white blood cell count of 16/mm* 
(0.016 x 10°/L) in the CSF had a nega- 
tive CSF culture but a positive blood 
culture and positive CSF latex aggluti- 
nation test for H influenzae type b. 
None of these three patients displayed 
clinical evidence of meningitis. 


COMMENT 


In this study, the epidemiology (age, 
sex distribution, and seasonality) of 
buccal cellulitis appears similar to 
other forms of invasive H influenzae 
type b disease.” Some of our results, 
however, contradict findings from pre- 
vious smaller studies. The incidence of 
otitis media in our patients was much 
less than previously reported.’ Al- 
though unilateral otitis occurred more 
commonly on the same side as the 
involved cheek than on the opposite 
side (12 of 16 patients), such cases 
occurred in only 17% of all patients. 
The retrospective data for associated 
otitis media are supported by similar 
findings in the 17 patients seen pro- 
spectively. Given the liberal diagnostic 
criteria for otitis media in the retro- 
spective patients, it is possible that 
our data are actually biased toward a 


high incidence of otitis media. Al- 
though the facial lymphatics are highly 
complex, the primary route for middle 
ear lymph drainage is to the retro- 
pharyngeal rather than the buccinator 
nodes. Retrograde lymphatic drainage 
from the retropharyngeal nodes to the 
cheek seems unlikely. We conclude 
that the pathogenesis of buccal celluli- 
tis does not usually involve lymphatic 
spread of bacteria from the ipsilateral 
middle ear. We cannot rule out lym- 
phatic seeding from the nasal pas- 
sages, since the lymphatics from this 
area traverse the buccal soft tissues. 
Rubin and Moxon’s” work, however, 
suggests that H influenzae type b does 
not enter the lymphatics following mu- 
cosal penetration but rather enters the 
bloodstream directly. Rapkin and Bau- 
tista and Granoff and Nankervis’ oc- 
casionally noted erythematous buccal 
mucosal lesions on the side of the af- 
fected cheek, suggesting direct bacte- 
rial spread from the oropharynx to the 
buccal soft tissues. Macroscopic muco- 
sal lesions were seen in only three of 
our patients. 

Previous studies have reported bac- 
teremia in 40% to 100% of patients with 
buccal cellulitis. The higher figures, 
however, all come from studies involv- 
ing fewer than ten patients,*"” while 
Carter and Feldman” reported pos- 
itive blood cultures in only 16 (41%) of 
39 patients—similar to our 55% inci- 
dence. Our finding was not influenced 
by prior antibiotic therapy, because 
only a small number (five of 72) of 
children in this study were so treated, 
and the incidence of bacteremia in this 
group (40%) was similar to the overall 
rate. If buccal cellulitis was exclu- 
sively secondary to H influenzae type 
b bacteremia, a much higher percent- 
age of patients should have positive 
blood cultures, such as in meningitis or 
septic arthritis.“ In support of this, 
Granoff and Nankervis® reported that 
the incidence and level of H influenzae 
type b antigenemia was lower in 
H influenzae type b cellulitis than in 
meningitis. We hypothesize that bac- 
teremia follows direct buccal soft- 
tissue invasion in a patient with respi- 
ratory tract H influenzae type b col- 
onization. 

The observation that three children 
had meningitis without meningeal 
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signs or symptoms confirms Gins- 
burg’s“ findings. We support his rec- 
ommendation that CSF examinations 
be performed in all patients with buc- 
eal cellulitis. 

Buccal cellulitis without an appar- 
ent portal of entry was predomi- 
nantly—but not always—due to H in- 
fluenzae type b. Infections due to 
other bacteria, including gram-posi- 
tive organisms, were clinically indis- 
tinguishable from H influenzae type b 
disease. As previously reported,” a 
“violaceous hue” was not distinctive 
for H influenzae type b cellulitis in our 
patients. Initial antimicrobial therapy 
should include intravenous agents that 
adequately penetrate the CSF and 
that are active against H influenzae 
type b, S pneumoniae, and S pyogenes. 
Treatment with chloramphenicol, cefu- 
roxime, or third-generation cepha- 
losporins is acceptable, although ex- 
perience with the latter drug is 
somewhat limited in children. Mox- 
alactam or the new monobactam 
agents (eg, aztreonam) should not be 
used alone because of their poor activ- 
ity against streptococci. The appropri- 
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ate duration of therapy for buccal cell- 
ulitis remains to be determined. 

Cellulitis aspirate cultures and bac- 
terial antigen testing increase the rate 
of bacteriologic diagnosis and should 
be included in the workup of patients 
with buccal cellulitis. In our study, ne 
fourth of cellulitis aspirate cultures 
were positive, although pathogens 
have been isolated from 50% to 75% of 
such specimens in other studies. + 
More important, in three patients the 
aspirate specimen was the only 
positive culture; in two, antimicrobial 
therapy was altered solely on the basis 
of these results. Urine antigen testing 
is rapid, noninvasive, and relatively 
inexpensive, and it increased our diag- 
nostic yield in four patients whose 
cultures were negative. Cross-reac- 
tions, however, can occur between H 
influenzae type b and S pneumoniae 
types 6A and 6B due to the common 
capsular D-ribitol-5-phosphate anti- 
gen.” 

Nasopharyngeal specimens for H in- 
fluenzae type b culture may be useful 
when inoculated onto selective media. 
Although one study” has shown high 


References 


temic Haemophilus influenzae and facial celuli- 
tis in infants. Br Med J 1981;282:22-23. 

11. Carter S, Feldman WE: Etiology and treat- 
ment of facial cellulitis in pediatric patients. 
Pediatr Infect Dis 1983;2:222-224. 

12. Granoff DM, Squires JE: Hemophilus 
meningitis: New developments in epidemiology, 
treatment and prophylaxis. Semin Neurol 1982; 
2:151-165. : 

13. Todd JK, Bruhn FW: Severe Haemophilus 
influenzae infections. AJDC 1975;129:607-611. 

14. Ginsburg CM: Buccal cellulitis. Peciatr 
Infect Dis 1983;2:381-382. 

15. Melish ME: Bacterial skin infections, in 
Feigin RD, Cherry JD (eds): Textbook of Pedi- 
atric Infectious Disease. Philadelphia, WB Saun- 
ders Co, 1981, p 658. 

16. Lennette EH, Spaulding EH, Truan: JP 
(eds): Manual of Clinical Microbiology, ed 2. 
Washington, DC, American Society for M:cro- 
biology, 1974. 

17. Rubin L, Moxon ER: Pathogenesis of 
bloodstream invasion with Haemophilus irflu- 
enzae, type b. Infect Immun 1983;41:280-284. 

18. Feigin RD: Bacterial meningitis beyond 
the neonatal period, in Feigin RD, Cherry JD 
(eds): Textbook of Pediatric Infectious Disease. 


Buccal Cellulitis—Chartrand & Harrison 893 — | 






' t b 


colonization rates for H influenzae 
type b in day-care center attendees, 
this organism is rarely present in 
healthy children unexposed to a recent 
case of invasive H influenzae type b 
disease.” When a heavy growth of 
H influenzae type b (3-4* , semiquanti- 
tative culture) is found in the naso- 
pharynx of a child with buccal celluli- 
tis, subsequent antibiotic treatment 
should include coverage for this iso- 
late. Streptococcus pneumoniae, how- 
ever, is part of the typical upper respi- 
ratory tract flora in children.” 

Buccal cellulitis is another form of 
invasive bacterial disease with a high 
incidence of bacteremia (usually due to 
H influenzae type b) and should be 
treated in the hospital with intrave- 
nous antimicrobial agents. Blood and 
CSF cultures should be obtained prior 
to therapy; cellulitis aspirate cul- 
tures and urine bacterial antigen tests 
are useful additional diagnostic tools. 
Buccal cellulitis is not usually due to 
lymphatic spread from the ipsilateral 
middle ear; direct mucosal invasion 
from the oropharynx appears more 
likely. 
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1% Permethrin Cream Rinse vs 1% Lindane Shampoo in 
Treating Pediculosis Capitis 


Kathie Brandenburg, RN, MS; Amos S. Deinard, MD, MPH; Joan DiNapoli, RN, PhD; 
Steven J. Englender, MD, MPH; Joseph Orthoefer, DVM, MPH; Doris Wagner, RN, MS 


è The therapeutic efficacy and toler- 
ance of a single application of 1% per- 
methrin cream rinse, applied for ten min- 
utes, and a single application of 1% 
lindane shampoo applied, as recom- 
mended by the manufacturer, for four 
minutes, against the head louse Pedicu- 
lus humanus var capitis were compared 
in a single-blinded, randomized, con- 
trolled clinical trial. Of 573 patients en- 
rolled at eight centers, 559 were assess- 
able for tolerance and 508 for efficacy. Of 
the 257 patients treated with 1% per- 
methrin cream rinse, 99% were lice free 
at 14 days; of the 251 patients treated 
with 1% lindane shampoo, 85% were lice 
free at 14 days. The difference is statis- 
tically significant. For both treatments, 
adverse experiences were infrequent, 
mild, and usually difficult to distinguish 
from the symptoms of head lice infesta- 
tion. A single ten-minute application of 
1% permethrin cream rinse was well tol- 
erated, highly effective, and therapeu- 
tically superior to a single four-minute 
application of 1% lindane shampoo. 

(AJDC 1986;140:894-896) 


ublished reports indicate that 

head lice infestation is increasing 
in prevalence.’* Although not a serious 
health problem, infestation with head 
lice oceupies considerable time and 
attention of public and private health 
communities. A large burden has been 
placed on the clinician to weigh the 
efficacy and, more importantly, the 
safety of a variety of agents available 
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for topical therapy of pediculosis cap- 
itis. There are conflicting reports and 
perceptions of toxic reactions with 
some of these agents, and therapeutic 
efficacy is difficult to ascertain be- 
cause of the lack of well-controlled 
studies that address the issue of ovici- 
dal as well as pediculicidal activity in 
the study design. 

Currently, two agents are commer- 
cially available in the United States for 
the treatment of pediculosis capitis. 
These are pyrethrin (combined with 
piperony! butoxide) and lindane. Prod- 
ucts containing pyrethrin are effective 
pediculicides** but may require several 
applications because of incomplete 
ovicidal activity secondary to instabil- 
ity of the pyrethrin molecule.*° Prod- 
ucts containing lindane are widely 
used in the United States and are 
generally well tolerated. However, in a 
recent study by Mathias et al,° al- 
though 1% lindane shampoo was shown 
to be 88% effective, it exhibited sub- 
stantial, but incomplete, ovicidal ac- 
tivity. Taplin‘ also reported incom- 
plete ovicidal activity for lindane. Asa 
result, these authors (and the manu- 
facturer of the products) recom- 
mended two applications to ensure 
complete eradication of the parasite. 
Although there have been reports of 
lindane’s toxicity in situations of pro- 
longed exposure following total body 
treatment of scabies (but not the lim- 
ited treatment of head lice) or acciden- 
tal ingestion,*" the perception of par- 
ents and pediatricians is that lindane 
may be toxic regardless of the condi- 
tion treated (A.S.D., personal obser- 
vations, Oct 19, 1985, and April 14, 
1986). Likewise, neurotoxic effects at- 
tributable to lindane”” have been re- 
ported from animal studies. The mis- 
taken perception that some of the 
public hold about lindane’s toxicity 
limits its use, as parents will not ac- 
cept the drug and physicians are afraid 
to prescribe it. Thus, the therapeutic 


agents currently available for the 
treatment of head lice infestation are 
less than ideal, and an agent is needed 
that is perceived as safer and as being 
as or more effective than lindane, as 
defined through selective clinical stud- 
ies. 

We compared the clinical usefulness 
and tolerance of 1% lindane shampoo, 
applied for four minutes as recom- 
mended by the manufacturer, with a 
new ectoparasiticide, 1% permethrin 
cream rinse (a synthetic derivative of 
pyrethrin), applied for ten minutes, for 
the treatment of head lice infestation. 


PATIENTS AND METHODS 
Patient Selection 


Eight centers, primarily public health 
clinics, participated in this study. Index 
cases were preschool-aged or school-aged 
children who received health care from the 
participating centers and who resided in 
the surrounding communities. It was com- 
mon in the study to find, in addition to the 
index case, one or more family members 
similarly infested with head lice. Whenever 
possible, all family members were ex- 
amined. Informed consent was obtained 
from all participants. For children between 
the ages of 12 and 18 years, informed con- 
sent was obtained from them and from one 
of their parents. 

To be eligible for participation, each pa- 
tient had to have a diagnosis of active head 
lice infestation confirmed by direct visual 
identification of live, adult lice or nymphs. 
The presence of nits on the hair shaft was 
insufficient to qualify a patient for inclu- 
sion. Similarly, in follow-up evaluations, 
identification of live, adult lice or nymphs 
was required to confirm therapeutic fail- 
ure, regardless of whether nits were still 
present. Patients were excluded if there 
was physical evidence of an abnormal scalp 
or hair condition. The use of any ped- 
iculicide within one week of the initial eval- 
uation likewise disqualified potential par- 
ticipants. Participants agreed not to 
shampoo their hair for 24 hours after the 
treatment and to use no pediculicides, med- 
icated shampoo, or hair grooming aid other 
than ordinary shampoo during this study. 
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Drug Therapy 


The drugs used in this study were per- 
methrin, a synthetic pyrethroid, and 
lindane, a chlorinated hydrocarbon. The 
permethrin preparation contained 1% per- 
methrin and 20% isopropyl alcohol in a 
standard hair cream rinse formulation, and 
the lindane preparation contained 1% lin- 
dane with acetone in a standard shampoo 
base. 

Drugs were assigned randomly accord- 
ing to a predetermined code. Patients as- 
signed treatment with 1% permethrin 
cream rinse were first given a routine 
shampoo. Their hair was then towel dried. 
A sufficient quantity of 1% permethrin 
cream rinse (approximately 25 to 50 mL) 
was applied to saturate thoroughly the hair 
and scalp. After ten minutes, the hair was 
rinsed with clear water. 

Treatment with 1% lindane shampoo was 
applied according to the product label. A 
sufficient quantity to saturate the hair (ap- 
proximately 25 to 50 mL) was applied di- 
rectly to dry hair and allowed to remain for 
four minutes. A small amount of water was 
then added to generate a lather, which was 
vigorously massaged into the hair and 
scalp. This was followed by a clear-water 
rinse. 

Additional family members consenting to 
participate were treated with the same 
drug as was the index case in that family. 
This assured that all family members were 
given the same treatment, thereby mini- 
mizing the possibility of interactions be- 
tween the treatment groups. Nearly an 
equal number of families were treated with 
each medication. Family members who de- 
clined to participate were offered a mar- 
keted pediculicide product at no cost. To 
test ovicidal activity, nits were not combed 
from the hair by the investigator after 
either treatment until after the last follow- 
up evaluation (14 days). 

Patients were examined four times after 
treatment (at 30 to 60 minutes by the health 
professional who applied the drug and at 24 
hours, seven days, and 14 days by a differ- 
ent health professional who was “blinded” 
to the drug used). Examinations were made 
for rash, erythema, edema, pruritus, burn- 
ing or stinging, numbness, tingling, or 
scalp discomfort. At seven and 14 days, 
each patient was also examined for at least 
five minutes for the presence or absence of 
live, adult lice or nymphs. 

Therapeutic efficacy was defined by the 
absence of live, adult lice or nymphs ob- 
served during a minimum five-minute hair 
and scalp examination. Although efficacy 
was assessed at days 7 and 14, the 14-day 
examination was regarded as more defini- 
tive of efficacy. The duration of egg incuba- 
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tion and nymphal maturation is such taat 
reinfestation is more likely to be deteczed 
at 14 than seven days after treatment. 
RESULTS 
Patient Demographics 


Table 1 gives a description of the 
patient population in this study. The 
mean age of patients in both treatment 
groups was 11.3 years. The majority of 
patients were female. There were no 
significant differences between zhe 
treatment groups with respect to age, 








race, sex, or hair characteristics. 
Likewise, there were no significant 
differences in these characteristics 
among the patients at the different 
centers. Nearly an equal number of 
families were treated with each medi- 
cation at each of the eight participating 
centers. 


Efficacy 


The results from each of the eight 
participating centers are given in Ta- 


11.4 (1-72) 
11.3 (2-47) 
11.3 (1-72) 


114 (40) 
94 (35) 
208 (37) 


173 (60) 
178 (65) 
351 (63) 


1% permethrin cream rinse (n = 287) 
1% lindane shampoo (n= 272) 
Total (n =559) 
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Cream Rinse Shampoo 
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Shampoo 
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45/45* (100) 


39/39 (100) 
11/11 (100) 


27/30 (90) 
42/52 (81) 
31/43 (72) 
11/13 (85) 





25/27 (92) 23/23* (100) 
15/15 (1009 10/10 (100) 15/15 (100) 10/10 (100) 
Mecklenburg County, NC 9/9 (1005 10/11 (91) 9/9 (100) 9/11 (82) 

Pooled Datat 256/257 (99.6) 227/247 (91.9) 255/257 (99.2) 214/251 (85.2) 


*Includes nine patients who did not have a seven-day evaluation. However, excluding these patients 
from the analysis does not alter the statistical outcome. 

tThese differences were statistically significant (P<.001) at both examinations (two-sided Cochrane- 
Mantel-Haenszel test). 


Minneapolis 27/32* (84) 


Orange County, NC 


20/20 (100 





F 
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No. (%) of Patients Using 
Å——_—__ m c eS Oe 
Reaction 1% Permethrin Cream Rinse (n=287) 1% Lindane Shampoo (n = 272) 
Symptoms 


Pruritus 16 (5.6) 12 (4.4) 
Burning-stinging 9 (3.1) 4 (1.5) 


Pain 2 (2.7) 3 (1.1) 


Numbness 0 0) 1 (0.4) 
Tingling 3 (1.0) 4 (1.5) 


Signs 
Edema 2 (0.7) 0 (0) 


Erythema 4 (1.4) 4 (1.5) 
Rash 1 (0.3) 4 (1.5) 
Total 37 (12.9) 32 (11.8) 


*Patients with signs or symptoms appearing or aggravated after treatment. Patients may have 
experienced a change in more than one sign or symptom. 
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ble 2 and are expressed as the propor- 
tion of patients free of live, adult lice or 
nymphs at days 7 and 14. The results 
from center to center were uniform, 
with uo obvious regional differences. 
The totals of the data from the eight 
participating centers are also de- 
picted. The 1% permethrin cream rinse 
was 99% efficacious at both examina- 
tions, whereas 1% lindane shampoo 
was 92% and 85% efficacious at seven 
and 14 days, respectively. The differ- 
ences between those outcomes were 
statistically significant at both ex- 
aminations (P<.001). The protocol did 
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not call for treating uninfested family 


members. Hence, only infested family 
members for whom informed consent 
was obtained were considered. Treat- 
ment was observed to be more success- 
ful under this condition with 1% per- 
methrin cream rinse. 


Safety Evaluation 


The protocol called for a safety eval- 
uation to consider the occurrence and 
intensity of three dermal signs 
(edema, erythema, and rash) and five 
symptoms (pruritus, burning or sting- 
ing, pain, numbness, and tingling). 
Observations made during an exami- 
nation, but independent of the pro- 
tocol, were also included. As previ- 
ously described, one pretreatment and 
four posttreatment examinations were 
conducted. Table 3 gives the results of 
the formal dermal evaluation. For both 
treatment groups, side effects were 
mild and transient. Most occurred 
within 24 hours of treatment. There 
were no significant differences be- 
tween groups in the incidence of any of 
the individual dermal signs and symp- 
toms or in their total incidence. 
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Pruritus, the cardinal manifestation 
of head lice infestation, was present in 
60% of all patients at the pretreatment 
examination. Pruritus, appearing or 
aggravated following treatment, was 
reported in 5.6% (16/287) of the per- 
methrin-treated patients and in 4.4% 
(12/272) of the lindane-treated pa- 
tients; it was probably a manifestation 
of the louse infestation itself. In addi- 
tion to the adverse experiences noted 
by the investigators on formal, pro- 
tocol-directed, dermal evaluations, 
one patient in the permethrin-treated 
group complained of headache and two 
patients had scabs caused presumably 
by excoriation from scratching. In the 
lindane-treated group, one patient had 
a rash and an open lesion on the scalp 
and one patient had urticaria of the 
scalp, which appeared two days after 
treatment and lasted for 24 hours. 


COMMENT 


Permethrin is a synthetic pyre- 
throid, related chemically to the pyre- 
thrins that are naturally occurring 
insecticides extracted from the pyre- 
thrum flower. The pyrethroids were 
synthesized to exploit the extremely 
low toxic effect for mammals exhibited 
by the pyrethrins, while enhancing the 
intrinsic insecticidal activity of this 
class of compounds in part, at least, by 
increasing their stability. Synthesized 
pyrethroids were introduced in 1973. 
They now constitute 30% of the com- 
mercial insecticide market because of 
an excellent cost-benefit ratio in agri- 
cultural and domestic tests.“ The fact 
that they are rapidly degraded in soil,” 
have broad application for pest con- 
trol, and exhibit little toxic effect in 
mammals” ensures an increasingly im- 
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portant role for the synthetic pyre- 
throids in pest control in the future. 
Permethrin was chosen as a candidate 
ectoparasiticide because of its low 
mammalian toxic effect, broad spec- 
trum of insecticidal activity, and sta- 
bility in the presence of light, a prop- 
erty not possessed by pyrethrins that 
gives permethrin, unlike pyrethrins, 
residual activity. 

The results of this multicenter, ran- 
domized, single-blinded, controlled 
study in which a nearly equal number 
of families were treated with each 
agent indicate that 1% permethrin 
cream rinse is a safe and highly effec- 
tive treatment. With a success rate of 
99% at 14 days, 1% permethrin cream 
rinse was statistically superior to 1% 
lindane shampoo (P<.001). Though ap- 
plication and pretreatment procedures 
differed between the two products, 
they were used according to the manu- 
facturers’ recommendations. As such, 
the study addressed the clinical effec- 
tiveness of treatment, not drug po- 
tency. Posttreatment pruritus was 
probably a manifestation of the louse 
infestation. The data suggest that 1% 
permethrin cream rinse is effective 
when used as a single application (cf 
the manufacturer’s recommendation to 
apply 1% lindane shampoo twice), 
without treating the entire family, 
whether or not infested (cf the recom- 
mendation to treat all family members 
with 1% lindane shampoo) and without 
nit removal. 
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NASALCROM 


(cromolyn sodium nasal solution, USP) 


First-line therapy for allergic rhinitis 
right from the start 





INDICATIONS: NASALCROM is indicated for the prevention and treatment of the symptoms of allergic rhinitis. 


CONTRAINDICATIONS: NASALCROM is contraindicated in those patients who have shown hypersensitivity 
to any of the ingredients. 


PRECAUTIONS: 

General: Some patients may experience transient nasal stinging and/or sneezing immediately 
following instillation of NASALCROM. Except in rare occurrences, these experiences have not caused dis- 
continuation of therapy. 

In view of the biliary and renal routes of excretion for cromolyn sodium, consideration should be given 
to decreasing the dosage or discontinuing the administration of the drug in patients with impaired renal 
or hepatic function. 


Carcinogenesis, Mutagenesis, and Impairment of Fertility: Long term studies in mice (12 months 
intraperitoneal treatment followed by 6 months observation), hamsters (12 months intraperitoneal! treat- 
ment followed by 12 months observation), and rats (18 months subcutaneous treatment) showed no nso- 
plastic effect of cromolyn sodium. 

No evidence of chromosomal damage or cytotoxicity was obtained in various mutagenesis studies. 

No evidence of impaired fertility was shown in laboratory animal reproduction studies. 


Pregnancy: Pregnancy Category B. Reproduction studies with cromolyn sodium administered paren- 
terally to pregnant mice, rats, and rabbits in doses up to 338 times the human clinical doses produced no 
evidence of fetal malformations. Adverse fetal effects (increased resorptions and decreased fetal weight) 
were noted only at the very high parenteral doses that produced maternal toxicity. There are, however no 


adequate and well-cantrolled studies in pregnant women. Because animal reproduction studies are not 
always predictive of human response. this drug should be used during pregnancy only If clearly needed. 

Drug Interaction During Pregnancy: Cromolyn sodium and isoproterenol were studied following sub- 
cutaneous injections inpregnant mice. Cromolyn sodium alone in doses of 60 to 540 mg/kg (38 to 338 times 
the human dose) did not cause significant increases in resorptions or major malformations. Isoproterenol 
alone ot a dose of 2.7 mg/kg (90 times the human dose) increased both resorptions and malformations. 
The addition of cromolyn sodium (338 times the human dose) to isoproterenol! (90 times the human dose) 
appears to have increased the incidence of both resorptions and malformations. 

Nursing Mothers: tis not known whether this drug is excreted in human milk. Because many drugs are 
excreted in human milk caution should be exercised when NASALCROM is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children below the age of 6 years have not been established. 


ADVERSE REACTIONS: The most frequent adverse reactions occurring in the 430 patients included in the 
clinical trials with NASALCROM were sneezing (1 in 10 patients), nasal stinging (1 in 20), nasal burning (1 in 
25), and nasal irritation( 1 in 40). Headaches and bad taste were reported in about 1 in 50 patients. Epistaxis, 
postnasal drip, and ras were reported in less than one percent of the patients. 
One patient in the clinical trials developed anaphylaxis, w Sy 

Adverse reactions which have occurred in the use of other cromolyn F j sO 
sodium formulations for inhalation include angioedema, joint pain and swell- 
ing, urticaria, cough, and wheezing. Other reactions reported rarely are serum FISONS CORPORATION 
sickness, periarteritic vasculitis. polymyositis, pericarditis, photodermatitis, BEDFORD, MA 
exfoliative dermatitis, peripheral neuritis, and nephrosis. FIS-023 © Fisons Corporation 1966 





Having a baby is a time to take special care of yourself. When you’re pregnant, everything you eat 


and drink affects the child you are carrying. 


Drinking beer, wine or liquor may hurt your baby. Heavy drinking can result in serious permanent 


mental and physical birth defects. 


Alcohol is not something to be taken lightly during pregnancy. For baby’s sake... and yours. . .the 


safest choice is not to drink during pregnancy. 


For more information, write the National Clearinghouse for Alcohol Information, Box 2345, Rockville, 


MD 20852. 
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Improved Nutramigen’ gives you more 
reasons than ever to specify the protein 
hydrolysate answer to a wider range of 
allergy-related feeding problems. 

More beneficial than ever, Nutramigen is 
virtually non-allergenic, lactose-free, and helps 
eliminate the symptoms of milk protein allergy 
or sensitivity, colic related to infant formula} 
and severe gastrointestinal distress. In addi- 
tion, recent clinical testing has shown that an 


Help put allergy-related 


undiagnosed milk allergy may result in chronic 
sleeplessness, and that protein hydrolysate 
use may help restore normal sleep patterns? 
More appropriate than ever, Nutramigen 
has been reformulated and now offers liquid 
and powder forms to provide both conve- 
mence and economy. Both are newly designed 
to be sucrose-free, with reduced osmolality 
and an improved amino acid combination 
so that they're suitable for treating more 








Gerald Ford, President: 1974 - 1977. 
Eagle Scout, 1927. 
“The child is father of the man.” Wordsworth said it 


over one-hundred fifty years ago. The strengths 
ingrained in youth flourish with age. 
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For more than seventy years, the Boy Scouts 
have perpetuated the ideals of America: honor, 
character, loyalty; duty to God, mankind, and 
country. 
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| It’s not surprising some of our nations’s 
ad outstanding citizens and leaders have been 
Boy Scouts. 
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BECOME A MEMBER OF THE NATIONAL BOY SCOUT ALUMNI FAMILY. JOIN TODAY! 


Your one-year, $10 membership entitles you to the Alumni Bulletin, the Annual Report, a membership card and an 

attractive wall certificate suitable for framing. . 

A three-year, $30 membership entitles you to a free Norman Rockwell print, as well as all of the benefits of a one-year membership. 
Write today to: 


National Boy Scout Alumni Family 
1325 Walnut Hill Lane ° Irving, Texas 75062 - 1296 









allergy-related feeding problems. Both provide 
complete nutrition for normal growth and 
development with improved vitamin and 
mineral levels that reflect the recommenda- 
tions of the AAP/CON? 

When you need to put allergy-related feeding 
problems in line, make your choice from the eee 
new line of answers that Nutramigen provides. | neg ares 
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PROTEIN HYDROLYSATE INFANT FORMULA 


i A wider spectrum of 
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New safety appraisal of valproate 


A recent report by the AMERICAN ACADEMY 
OF PEDIATRICS’ Committee on Drugs: 


44 
..valproate seems to be ree free of many adverse 


rieuropsychologic effects.. 


44 . . . 
Valproate added to preexisting therapy had no effect on paired 
associate learning tasks, and its use produced minimal adver se 
effects in patients performing a series of psychologic tests.’ 





PRIMARY BEHAVIORAL AND 
COGNITIVE SIDE EFFECTS OF 
ANTICONVULSANT AGENTS* 


DRUG BEHAVIORAL EFFECTS COGNITIVE EFFECTS 

Phenobarbital Hyperactivity, fussiness, lethargy, Deficits on neuropsychologic tests, 
disturbed sleep, irritability, dis- impaired short-term memory and 
obedience, stubbornness, depressive memory concentration tasks 
symptoms 

Phenytoin Unsteadiness, involuntary movements, Deficits on neuropsychologic tests, 
tiredness, alteration of emotional state impaired attention, problem solving 

and visuomotor tasks 

Carbamazepine Difficulty sleeping, agitation, Impaired task performance 
irritability, emotional lability 

Valproic acid Drowsiness (especially when used in Minimal adverse effects on psycho- 
combination with barbiturates) social tests 


‘Adaptec from American Academy of Pediatrics Committee on Drugs, Behavioral and Cognitive Effects of 
Anticonvulsant Therapy, Pediatrics, 76: 644-649, 1985 





NOTE: Large doses of virtually all anticonvulsant medications can affect mental function. See full 
prescribing information for reported side effects of Depakote (divalproex sodium), especially the boxed 
warning concerning hepatotoxicity and the necessity for monitoring liver function 


ann 


JEPAKOTE E) 


Presented on April 30, 1986 at the Annual 
Meeting of the American Academy of 
Neurology? A comprehensive, retrospective 
review of reported cases of hepatic fatalities 


between 1978 & 1984 in the U.S: 


I No hepatic fatalities in patients above the age of ten receiving 
valproate as monotherapy. (This group represents about 36% of 
the 400,000 patients treated with valproate during this period.) 


I Risk of hepatic fatality is very low in patients on monotherapy 
(1 per 37,000). 


I Primary risk of hepatic fatality is in patients aged 0-2 years treated 


with polytherapy (1 per 500), but is substantially lower in patients 
above the age of two treated with polytherapy (1 per 12,000). 





¥ Restores control 
ts and quality of life 


DEP AKOTE Enteric-Coated Tablets 
divaloroex sodium 


If you would like additional information about the above studies, 
please contact Abbott Laboratories, Pharmaceutical Products Division, 
Dept. 426, North Chicago, IL 60064. 


REFERENCES: 
1. American Academy of Pediatrics Committee on Drugs, Behavioral and Cognitive Effects of Anticonvulsant Therapy. Pediatrics 76:644-649, 1985. 
2. Dreifuss, F. E. and Santilli, N., Valproic Acid Hepatic Fatalities: Analysis of U.S. Cases. Neurology 36/4, Suppl. 1): 1986. 
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DEPAKOTE 


divalproex sodium 
Enteric -Coated Tablets 


Restores control and quality of life 









WARNING: 
HEPATIC FAILURE RESULTING IN FATALITIES HAS OCCURRED IN PATIENTS RECEIVING VALPROIC ACID AND ITS DERIVATIVES. 
EXPERIENCE HAS INDICATED THAT CHILDREN UNDER THE AGE OF TWO YEARS ARE AT A CONSIDERABLY INCREASED RISK OF 
DEVELOPING FATAL HEPATOTOXICITY, ESPECIALLY THOSE ON MULTIPLE ANTICONVULSANTS, THOSE WITH CONGENITAL META- 
BOLIC DISORDERS. THOSE WITH SEVERE SEIZURE DISORDERS ACCOMPANIED BY MENTAL RETARDATION, AND THOSE WITH OR- 
GANIC BRAIN DISEASE. WHEN DEPAKOTE IS USED IN THIS PATIENT GROUP, IT SHOULD BE USED WITH EXTREME CAUTION AND 
AS A SOLE AGENT. THE BENEFITS OF SEIZURE CONTROL SHOULD BE WEIGHED AGAINST THE RISKS. ABOVE THIS AGE GROUP, 
rays i ao aa THAT THE INCIDENCE OF FATAL HEPATOTOXICITY DECREASES CONSIDERABLY IN PROGRESSIVELY 

THESE INCIDENTS USUALLY HAVE OCCURRED DURING THE FIRST SIX MONTHS OF TREATMENT. SERIOUS OR FATAL 
HEPATOTOXICITY MAY BE PRECEDED BY NON-SPECIFIC SYMPTOMS SUCH AS LOSS OF SEIZURE CONTROL, MALAISE, 
WEAKNESS, LETHARGY, FACIAL EDEMA, ANOREXIA AND VOMITING. PATIENTS SHOULD BE MONITORED CLOSELY FOR 
APPEARANCE OF THESE SYMPTOMS. LIVER FUNCTION TESTS SHOULD BE PERFORMED PRIOR TO THERAPY AND AT FREQUENT 
INTERVALS THEREAFTER, ESPECIALLY DURING THE FIRST SIX MONTHS, 















DESCRIPTION: Divaiproex sodium is a stable co-ordination compound comprised of sodium valproate and valproic acid in a 1-1 molar 
relationship and formed during the partial neutralization of valproic acid with 0.5 equivalent of sodium hydroxide. Chemically it is designated 
as sodium hydragen bis (2-propyipentanoate). 

Divalproex sodium has a molecular wold of 310.41 and occurs as a white powder with a characteristic odor. 

DEPAKOTE is an oral antiepileptic supplied as enteric-coated tablets in three dosage strengths containing divalproex sodium equivalent to 
125 mg, 250 mg or 500 mg of valproic acid. 


Inactive Ingredients 
125 mg tablets: cellulosic polymers, diacetylated monoglycerides, FD&C Blue No. 1, FD&C Red No. 40, povidone, pregelatinized starch (con- 
tains com starch), silica gel, talc, titanium dioxide, vanillin and other ingredients. 


500 mg tablets: cellulosic polymers, diacetylated monoglycerides, 
starch (contains corn starch), silica gel, talc, titanium dioxide, vanillin and other ingredients. 


CLINICAL PHARMACOLOGY: DEPAKOTE is an antiepileptic agent which is chemically related to valproic acid. it has no nitrogen or 
aromatic moiety characteristic of other antiepileptic drugs. The mechanism by which DEPAKOTE exerts its antiepileptic effects has not been 
established. It has been suggested that its activity is related to increased brain levels of gamma-aminobutyric acid (GABA). The effect on the 
neuronal membrane is unknown. DEPAKOTE dissociates into valproate in the gastrointestinal tract. 

Because of the enteric coating of DEPAKOTE, absorption is delayed one hour following oral administration. Thereafter, DEPAKOTE is uni- 
formly aad reliably absorbed, as shown by studies in normal volunteers. Peak serum levels of valproate occur in 3 to 4 hours. Bioavailability 
of divalproex sodium tablets was found to be equivalent to that of DEPAKENE® (valproic acid) capsules. Concomitant administration with 
food would be expected to slow absorption but not affect the extent of absorption. The serum half-life of valproate is typically in the range of 
six to sixteen hours. Half-lives in the lower part of the above range are usually found in patients taking other antiepileptic drugs capable of 


ction. 

Cre. coated divalproex sodium may reduce the incidence of the irritative gastrointesinal effects of valproate as compared to valproic 
acid capsules, 

Valproate is rapidly distributed and at therapeutic drug concentrations, drug is highly bound (90%) to human plasma proteins. increases in 
dose may result in decreases in the extent of protein binding and increased valproate clearance and elimination. 

Elimination of DEPAKOTE and its metabolites occurs principally in the urine, with minor amounts in the feces and expired air. Very little un- 
metabolized parent drug is excreted in the urine, The drug is primarily metabolized in the liver and is excreted as the glucuronide conjugate. 
Other metabolites in the urine are products of beta, omega-1. and omega oxidation (C-3, C-4 and C-5 positions). The major oxidative metabo: 
lite in the urine is 2-propyl-3-keto-pentanoic acid; minor metabolites are 2-propyl-glutaric acid, 2-propyl-5-hydroxypentanoic acid, 
2-propyl-3-hydrexypentanoic acid and 2-propyl-4-hydroxypentanoic acid. 

INDICATIONS AND USAGE: DEPAKOTE (divalproex sodium) is indicated for use as sole and adjunctive therapy in the treatment of 
simple (petit mal) and complex absence seizures. DEPAKOTE may also be used adjunctively in patients with multiple seizure types which in- 
clude absence seizures. 

In accordance with the International Classification of Seizures, simple absence is defined as very brief clouding of the sensorium or loss 
of consciousness (lasting usually 2-15 seconds), accompanied by certain generalized epileptic discharges without other detectable clinical 
signs. Complex absence ts the term used when other signs are also present. 

SEE “WARNINGS” SECTION FOR STATEMENT REGARDING FATAL HEPATIC DYSFUNCTION. 


CONTRAINDICATIONS: DEPAKOTE (DIVALPROEX SODIUM) SHOULD NOT BE ADMINISTERED TO PATIENTS WITH HEPATIC DISEASE 
OR SIGNIFICANT DYSFUNCTION. 
DEPAKOTE is contraindicated in patients with known hypersensitivity to the drug. 


WARNINGS: Hepatic failure resulting in fatalities has occurred in patients receiving valproic acid. These incidents usual- 
ly have occurred during the first six months of treatment. Serious or fatal hepatotoxicity may be preceded by non-specific 
opens such as loss of seizure control, malaise, weakness, lethargy, facial edema, anorexia and vomiting. Patients 

be monitored closely for appearance of these symptoms. Liver function tests should be performed prior to therapy 
and at frequent intervals thereafter, especially during the first six months. However, physicians should not rely totally on 
serum biochemistry since these tests may not be abnormal in all instances, but should also consider the results of careful 
interim medical ae and physical examination. Caution should be observed when administering DEPAKOTE to patients 
with a prior history of hepatic disease. Patients on multiple anticonvulsants, children, those w congenital metabolic 
disorders, with severe seizure disorders accompanied by mental retardation, and those with organic brain disease 
may be at particular risk. Experience has indicated that children under the age of two years are at a considerably increased 
risk of developing fatal totoxicity, especially those with the aforementioned conditions. When DEPAKOTE is used in 
this patient , it should be used with extreme caution and as a sole agant. The benefits of seizure control should be 
weighed against the risks. Above this pge group, experience has indicated that the incidence of fatal hepatotoxicity de- 
creases a gresery bay ively older patient groups. 

The drug should scontinued immediately in the presence of ro mapa hepatic dysfunction, suspected or apparent. 
In some cases, tion has in spite of discontinuation of drug. 

The frequency of adverse effects (particularly elevated liver enzymes) may be dose-related. The benefit of improved seizure contro! 
which may accompany the higher doses should therefore be pe op aee the possibility of a greater incidence of adverse affects, 

Usage in Oaea: ING TO PUBLISHED AND UNPUBLISHED REPORTS, VALPROIC ACID MAY PRODUCE TERATOGENIC EF 
FECTS IN THE 0 ING OF HUMAN FEMALES RECEIVING THE DRUG DURING PREGNANCY 

THERE ARE MULTIPLE REPORTS IN THE CLINICAL LITERATURE WHICH INDICATE THAT THE USE OF ANTIEPILEPTIC DRUGS DURING 
PREGNANCY RESULTS IN AN INCREASED INCIDENCE OF BIRTH DEFECTS IN THE OFFSPRING. ALTHOUGH DATA ARE MORE EXTENSIVE 
WITH RESPECT TO TRIMETHADIONE, PARAMETHADIONE, PHENYTOIN, AND PHENOBARBITAL, REPORTS INDICATE A POSSIBLE 
SIMILAR ASSOCIATION WITH THE USE OF OTHER ANTIEPILEPTIC DRUGS, THEREFORE, ANTIEPILEPTIC DRUGS SHOULD BE 
ADMINISTERED TO WOMEN OF CHILDBEARING POTENTIAL ONLY IF THEY ARE CLEARLY SHOWN TO BE ESSENTIAL IN THE 
MANAGEMENT OF THEIR SEIZURES. 

THE INCIDENCE OF NEURAL TUBE DEFECTS IN THE FETUS MAY BE INCREASED IN MOTHERS RECEIVING VALPROATE DURING THE 
FIRST TRIMESTER OF PREGNANCY. THE CENTERS FOR DISEASE CONTROL (CDC) HAS ESTIMATED THE RISK OF VALPROIC ACID 
EXPOSED WOMEN HAVING CHILDREN WITH SPINA BIFIDA TO BE APPROXIMATELY 1 TO 2%. THIS RISK IS SIMILAR TO THAT FOR 
NONEPILEPTIC WOMEN WHO HAVE HAD CHILDREN WITH NEURAL TUBE DEFECTS (ANENCEPHALY AND SPINA BIFIDA). 

ANIMAL STUDIES ALSO HAVE DEMONSTRATED VALPROIC ACID INDUCED TERATOGENICITY. Studies in rats and human females 
demonstrated placental transfer of the drug. Doses greater than 65 mg/kg/day given to pregnant rats and mice produced skeletal abnormali- 
ties in the a prie primarily involving ribs and vertebrae; doses greater than 150 mng/kg/tay given to pregnant rabbits produced fetal 
resorptions (primarily) soft-tissue abnormalities in the ing. In rats a dose-related delay in the onset of parturition was noted. 
Postnatal growth and survival of the progeny were adversely affected, particularly when drug administration spanned the entire gestation 
and early lactation period. 

Antiepiiepti should not be discontinued in patients in whom the drug is administered to prevent major seizures because of the 
Strong possibility of precipitating status epilepticus with attendant hypoxia and threat to life. in individual cases where the severity and fre- 

of the seure disorder are such that the removal of medication does not pose a serious threat to the patient, discontinuation of the 
may be considered prior to and during pregnancy, although it cannot be said with any confidence that even minor seizures do not pose 
some hazard to the developing embryo or fetus. 

The prescribing physician will wish to weigh these considerations in treating or counseling epileptic women of childbearing potential. 


PRECAUTIONS: Hepatic Dysfunction: See “Boxed Warning,” “Contraindications” and “Warnings” sections. 

General: Because of reports of thrombocytopenia, inhibition of the secondary phase of platelet aggregation, and abnormal coagulation 
parameters, platelet counts and coagulation tests are recommended before initiating therapy and at periodic intervals. It is recommended that 
patients receiving DEPAKOTE (divalproex sodium) be monitored for platelet count and coagulation parameters prior to planned seen. Evi- 
dence of hemorrhage, bruising or a disorder of hemostasis/coagulation is an indication for reduction of DEPAKOTE dosage or withdrawal of 


Hyperammonemia with or without lethargy or coma has been reported and may be present in the absence of abnormal liver function tests. 
if pap A ly elevation occurs, DEPAKOTE should be discontinued. 
Since (divalproex sodium) may interact with concurrently administered antiepileptic drugs. periodic serum ievel determina- 


tions of concomitant antiepileptic drugs are recommended during the early course of therapy. (See “Drug Interactions” section}. 





Three dosage strengths: 
125mg tablet; 250mg tablet; 
and 500mg¢g tablet 


Valproate is partially eliminated in the urine as a keto-metabolite which may lead to a false interpretation of the urine ketone test. 

There have been reports of altered thyroid function tests associated with valproate. The clinical significance of these is unknown. 

Information for Patients: Since DEPAKOTE may produce CNS depression, especially when combined with another CNS depressant (e.g., 
alcohol), patients should be advised not to engage in hazardous occupations, such as driving an automobile or operating dangerous machin- 
ery, until it is known that they do not become drowsy from the drug. 

Drug Interactions: Valproic acid may potentiate the CNS depressant activity of alcohol 

The concomitant administration of valproic acid with drugs that exhibit extensive protein binding (e.g., aspirin, carbamazepine, and dicu- 
marol) may result in alteration of serum a, levels, 

THERE IS EVIDENCE THAT VALPROIC ACID CAN CAUSE AN INCREASE IN SERUM PHENOBARBITAL LEVELS BY IMPAIRMENT OF NON- 
RENAL CLEARANCE. THIS PHENOMENON CAN RESULT IN SEWERE CNS DEPRESSION. THE COMBINATION OF VALPROIC ACID AND 
PHENOBARBITAL HAS ALSO BEEN REPORTED TO PRODUCE CNS DEPRESSION WITHOUT SIGNIFICANT ELEVATIONS OF BARBITURATE 
OR VALPROATE SERUM LEVELS. ALL PATIENTS RECEIVING CONCOMITANT BARBITURATE THERAPY SHOULD BE CLOSELY MONITORED 
FOR NEUROLOGICAL TOXICITY. SERUM BARBI"URATE LEVELS SHOULD BE OBTAINED. IF POSSIBLE, AND THE BARBITURATE DOSAGE 
DECREASED, IF APPROPRIATE. 

Primidone is metabolized into a barbiturate anc, therefore, may also be involved in a similar or identical interaction. 

THERE HAVE BEEN REPORTS OF BREAKTHROUGH SEIZURES OCCURRING WITH THE COMBINATION OF VALPROIC ACID AND PHENY- 
TOIN. MOST REPORTS HAVE NOTED A DECREASE IN TOTAL PLASMA PHENYTOIN CONCENTRATION. HOWEVER, INCREASES IN TOTAL 
PHENYTOIN SERUM CONCENTRATION HAVE BEEN REPORTED. AN INITIAL FALL IN TOTAL PHENYTOIN LEVELS WITH SUBSEQUENT 
INCREASE IN PHENYTOIN LEVELS HAS ALSO 3EEN REPORTED. IN ADDITION, A DECREASE IN TOTAL SERUM PHENYTOIN WITH AN 
INCREASE IN THE FREE VS. PROTEIN BOUND PHENYTOIN LEVELS HAS BEEN REPORTED. THE DOSAGE OF PHENYTOIN SHOULD BE 
ADJUSTED AS REQUIRED BY THE CLINICAL SITUATION. 

THE CONCOMITANT USE OF VALPROIC ACID AND CLONAZEPAM MAY PRODUCE ABSENCE STATUS. 

There is inconclusive evidence regarding the effect of valproate on serum ethosuximide levels. Patients receiving valproate and etho- 
suximide, especially along with other anticonvulsants, should be monitored for alterations in serum concentrations of both drugs. 

Caution is recommended when DEPAKOTE (divalproex sodium) is administered with drugs affecting coagulation, e.g., aspirin and warfa- 
rin. (See “Adverse Reactions” section). 

Carcinogenesis: Valproic acid was administered to Sprague Dawley rats and ICR (HA/ICR) mice at doses of 0, 80 and 170 mg/ 
kg/day for two years. Although a variety of neoplasms were observed in both species, the chief findings were a statistically significant in- 
crease in the incidence of subcutaneous fibrosarcomas in high dese male rats receiving valproic acid and a Statistically significant dose- 
related trend for benign pulmonary adenomas in male mice receiving valproic acid. The significance of these findings for man is unknown at 
present. 

Mutagenesis; Studies on valproic acid have neen performed using bacterial and mammalian systems. These studies have provided no 
evidence of a mutagenic potential for DEPAKOTE. 

Fertility: Chronic toxicity studies in juvenile and adult rats and dogs demonstrated reduced spermatogenesis and testicular atrophy at 


doses greater than 200 g/day in rats and greater than 90 m day in dogs. Segment | fertility studies in rats have shown doses up to 
350 day for 60 to have no effect on fertility. THE EFFECT OF DEPAKOTE (DIVALPROEX SODIUM) ON THE DEVELOPMENT OF 
THE TES D ON SPERM PRODUCTION AND FERTILITY IN HUMANS IS UNKNOWN. 


Pregnancy: Pregnancy Category D: See “Warnings” section, 

Nursi thers: Valproate is excreted in breast milk. Concentrations in breast milk have been reported to be 1-10% of serum concentra- 
tions. It is not known what effect this would have on a nursing infant Caution should be exercised when DEPAKOTE is administered to a nurs- 
ing woman, 


ADVERSE REACTIONS: Since valproic acid and its derivatives have usually been used with other antiepileptic drugs, it is not possible, 
in most cases, to determine whether the following adverse reactions can be ascribed to valproic acid alone, or the combination of drugs. 

Gastrointestinal: The most commonly reported side effects at the initiation of therapy are nausea, vomiting and indigestion. These effects 
are usually transient and rarely require discontinuation of therapy. Diarrhea, abdominal cramps and constipation have been reported. Both 
anorexia with some weight loss and increased appetite with weight gain have also been reported. The administration of enteric-coated dival- 
proex sodium may result in reduction of gastrointestinal side effects in some patients? 

CNS Effects: Sedative effects have been noted in patients receiving valproic acid alone but are found most often in patients receiving 
combination therapy. Sedation usually disappears upon reduction of other antiepileptic medication. Tremor has been reported in patients re- 
ceiving valproate and may be dose-related. Ataxia, headache, nystagmus, diplopia, asterixis, “spots before eyes,” dysarthria, dizziness, and 
presets ay have rarely been noted. Rare cases of coma have been noted in patients receiving valproic acid alone or in conjunction with 

arbital. 

Dermatologic: Transient increases in hair loss have been observed. Skin rash and erythema multiforme rarely have been noted. 

Psychiatric: Emotional upset, depression, psychosis, aggression, hyperactivity and behavioral deterioration have been reported. 

Musculoskeletal: Weakness has been reported 

Hematologic: Thrombocytopenia has been reported. Valproic acid inhibits the secondary phase of platelet aggregation. (See “Drug Inter- 
actions” section). This may be reflected in altered bleeding time. Petechiae, bruising, hematoma formation, and frank hemorrhage have been 
reported. (See “Precautions” section). Relative lymphocytosis and nypofibrinogenemia have been noted. Leukopenia and eosinophilia have 
also been reported. Anemia and bane marrow suppression have beer eer 

Hepatic: Minor elevations of transaminases (e.g, SGOT and SGPT) and LDH are frequent and appear to be dose related. Occasionally, 
laboratory test results include, as well, increases in serum bilirubin and abnormal changes in other liver function tests. These results may re- 
flect potentially serious hepatotoxicity. (See “Warnings” section) 

Endocrine: There have been reports of irregular menses and secondary amenorthea, and rare reports of breast enlargement and galactor- 
rhea occurring in patients receiving valproic acid and its derivatives. 

Abnormal thyroid function tests have been reported. (See “Precautions” section). 

Pancreatic: There have been reports of acute pancreatitis, including rare fatal cases, occurring in patients receiving valproic acid and its 
derivatives. 

Metabolic: rammonemia. (See “Precautions” section) 

Hyperglycinemia has been reported and has been associated with a fatal outcome in a patient with preexistent nonketotic hyperglycine- 


mia. 
Other: Edema of the extremities has been reported. 


OVERDOSAGE: Overdosage with valproic acid may result in deep coma, 

Since DEPAKOTE tablets are enteric-coated, the benefit of gastric lavage or emesis will vary with the time since ingestion. General sup- 
portive measures should be applied with particular attention bemg pan to the maintenance of adequate urinary output. 

Naloxone has been reported to reverse the CNS depressant effects of valproate overdosage. Because naloxone could theoretically also 
reverse the antiepileptic effects of DEPAKOTE it should be used with caution. 


DOSAGE AND ADMINISTRATION: DEPAKOTE is administered orally. The recommended initial dose is 15 mg/kg/day, increasing at 
one week intervals by 5 to 10 mg/kg/day until seizures are controlled or side effects preclude further increases. The maximum recommend- 
ed dosage is 60 sy bys If the total rl dose exceeds 250 mg, it should be given in a divided regimen. 

Conversion from DEPAKENE to DEPAKOTE: In patients previousl» receiving DEPAKENE (valproic acid) therapy, DEPAKOTE should be ini- 
tiated at the same total daily dose and dosing schedule After the patient is stabilized on 
schedule may be instituted in selected patients. 

The frequency of adverse effects (particularly elevated liver enzymes) may be dose-related. The benefit of improved seizure control 
which may accompany higher doses should therefore be weighed against the possibility of a greater incidence of adverse reactions, 

A good correlation has not been established between daily dose, serum level and therapeutic effect. However, therapeutic valproate 
| levels for most patients will range from 50 to 100 mcg/ml. Cccasional patients may be controlled with serum levels lower or higher 

an this range. 
M the DEPAKOTE dosage is titrated upward, biood levels of phenobarbital and/or phenytoin may be affected. (See “Precautions” sec- 
tion). 

— who experience G. |. irritation may benefit from administration of the drug with food or by slowly building up the dose from an ini- 
tial low level, 


HOW SUPPLIED: DEPAKOTE (divalproex sodium enteric-coated tablets) are supplied as: 


AKOTE. a twice-a-day or three-times-a-day 


125 mg salmon pink-colored tabiets: 

BOSS OFM IG oc on cenk ritancewesseats S IER PEE E na tel oda E atic Pa ET A (NDC 0074-6212-13) 

250 mg peach-colored tablets: 

A n ET E A E RE EOI EEEE AE EE OET Y ANAT (NDC 0074-6214-13) 

AARON OES ik ite packages OF Oh a eaa aa a a a a A (NDC 0074-6214-11). 

500 mg lavender-colored tablets- 

aA AT A P AEE E PEPE E T IEE E RE WO EN a S (NDC 0074-6215-13) 

aa a n A i SE A E A E S .... (NDC 0074-6215-11). 
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Special Feature 


Radiological Case of the Month 


Rachel R. Phillips, MD, ChB; Rosemary J. Arthur, MRCP, FRCR (Contributors); 


A 1.05-kg female infant was born at 

29 weeks’ gestation by emergency 
cesarean section. The Apgar scores 
were 6 and 8 at one and five minutes, 
respectively. The infant was intubated 
and subsequently ventilated with a 


Accepted for publication Dec 5, 1985. 

Contributed from the Regional Neonatal Unit, 
Leeds (England) General Infirmary. 

Reprint requests to Department of Radiology, 
Children’s Hospital of Pittsburgh, One Children’s 
Place, 3705 Fifth Ave at DeSoto St, Pittsburgh, 
PA 15213 (Dr L. W. Young). 


Figure 1. 
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Lionel W. Young, MD (Section Editor) 


fraction of inspired oxygen of 0.7 (max- 
imum, 0.8) at an initial rate of 44 
breaths per minute (maximum, 68 
breaths per minute) and pressure of 
25/2 em H,O (maximum, 30/3 em H,0). 
Her initial chest roentgenogram was 
compatible with severe idiopathic res- 
piratory distress syndrome (IRDS), 
with a complete “whiteout” of both 
lungs. For the first seven hours she 
was stable, but then her condition de- 
teriorated, and a chest roentgenogram 
at that time showed the development of 
severe pulmonary interstitial emphy- 


sema (PIE) in the right lung. Prophy- 
lactic chest drains in the right hemi- 
thorax were inserted, but the general 
condition continued to worsen. A chest 
roentgenogram at 12 hours showed bi- 
lateral PIE, which was less severe on 
the left. Despite subsequent treat- 
ment of a left pneumothorax by the 
insertion of a chest drain in the left 
hemithorax, her general condition 
continued to deteriorate, and at 23 
hours old, just prior to death, the 
roentgenograms in Figs 1 and 2 were 
obtained. 


Figure 2. 
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Denouement and Discussion 


Systemic Air Embolism 


Fig 1.—Chest roentgenogram, immediately prior to death, shows 
widespread systemic vascular air, with bilateral pulmonary in- 
terstitial emphysema and left tension pneumothorax. 


Fig 2.—Skull roentgenogram shows gas within cranial cavity, 
particularly in superior sagittal sinus and venous confluence, and 
within orbital cavity.” 


Acute air leaks are a serious and life- 
threatening complication in infants 
who have IRDS and mechanical venti- 
lation assistance.’ The phenomenon 
was first reported in 1912,” but in the 
1930s’ it was demonstrated that PIE 
could occur in the presence of in- 
creased intrapulmonary pressure by 
the rupture of overdistended alveoli 
and subsequent dissection of air 
through the pulmonary parenchyma. 
This may be followed by further dis- 
section of air through the various tis- 
sue planes and along the perivascular 
soft tissues to any of the extra-alveolar 
spaces, resulting in pneumothorax, 
pneumomediastinum, pneumoperiton- 
eum, pneumopericardium, subcutane- 
ous emphysema, and systemic vascu- 
lar air embolism. The occurrence of 
systemic vascular air embolism secon- 
dary to positive pressure ventilation is 
a well-recognized entity.‘ The exact 
mechanism of this phenomenon is un- 
certain. In most affected patients, air 
is present simultaneously in the ar- 
terial and venous systemic circula- 
tions.° The entrance of air into the 
vascular space results from the forma- 
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tion of alveolocapillary or bronchove- 
nous fistulae after alveolar rupture. 
This occurs when the intra-alveolar 
pressure exceeds that of the pulmo- 
nary venous pressure, causing rever- 
sal of the normal alveolar-vascular 
pressure gradient. Air then travels 
into the systemic arterial circulation 
via the pulmonary veins and left car- 
diac chamber and then into the venous 
circulation by passing directly into the 
capillary bed. However, autopsies con- 
sistently failed to demonstrate the ac- 
tual site of communication between the 
tracheobronchial and vascular spaces. 

The use of positive pressure venti- 
lation in the treatment of IRDS in 
infancy has become an important ther- 
apeutic method, increasing the sur- 
vival of these patients. However, the 
more aggressive use of respiratory 
therapy has resulted in a different and 
sometimes severe spectrum of compli- 
cations. The high end-expiratory pres- 
sures often required to maintain ade- 
quate systemic oxygenation may 
result in air escaping into the extra- 
alveolar spaces. Previously reported 
cases of systemic vascular air embo- 


lism have involved high end-expiratory 
pressures.® The end-expiratory pres- 
sure used on our patient was never 
above 3 cm H,O, implying that fatal air 
embolism may occur even without high 
ventilatory pressures. 

The diagnosis was made prior to 
obtaining roentgenograms in our case, 
when gas bubbles were withdrawn 
from the umbilical arterial and venous 
catheters. 
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Slow, Natural Reduction in Blood Lead Level After 
Chelation Therapy for Lead Poisoning in Childhood 


Donald I. Moel, MD; Henrietta K. Sachs, MD; Mary Ann Drayton, PhD 


èe Lead poisoning is treated with 
chelating agents. We report the natural 
decline of blood lead (Pb-B) concentra- 
tion after treatment(s) (1967 to 1972) in 74 
patients whose maximal Pb-B level 
ranged from 100 to 471 g/dL (4.83 to 
22.73 mol/L). These longitudinal data 
(range, nine to 17 years) disclose a pre- 
dictable decrease in Pb-B levels after 
treatment that is independent of the 
maximal Pb-B level before therapy. The 
correlation between age in months and 
the logarithm of the Pb-B level was sig- 
nificant, and the equation defined by the 
regression line allows one to predict 
Pb-B levels at specific ages after chela- 
tion therapy. It is important to recognize 
the slow, natural decline of Pb-B levels 
after chelation therapy once the level is 
stable and below 70 g/dL (3.38 pmol/L). 
Multiple repeated courses of calcium di- 
sodium edetate are unlikely to influence 
the natural decline of the Pb-B level in 
asymptomatic children. 

(AJDC 1986;140:905-908) 


(Chelating agents rapidly decrease 
high concentrations of lead in 
blood and soft tissue. Once the blood 
lead (Pb-B) level is reduced below 
70 pg/dL (8.38 pmol/L), it tends to 
stabilize’ if the source of lead is identi- 
fied and eradicated. This longitudinal 
observation of treated lead-poisoned 
children documents the natural dimin- 
ution of Pb-B concentration through 
adolescence after chelation therapy. 
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METHODS 
Study Population 


Our investigation of lead poisoning se- 
quelae, undertaken in 1974, enrolled 106 
former patients whose maximum Pb-B 
concentration was at least 100 pg/dL 
(4.83 pmol/L) of whole blood. The cohort 
reported herein consists of 74 former pa- 
tients; the other 32 patients had either left 
the Chicago area or could not be traced. 

Patients were identified in the city 
screening program between 1967 and 1972 
and referred to a specialized lead clinic. 
Diagnosis was confirmed by additional 
venous Pb-B determinations and by roent- 
genograms of the abdomen, wrist, and 
knee. Chelating agents used were calcium 
disodium edetate and dimercaprol if the 
patient was initially hospitalized, or eal- 
cium disodium edetate alone in repeated 
courses until the Pb-B level fell below 
70 wg/dL (8.38 pmol/L)’ Thereafter, peni- 
cillamine hydrochloride was given orally in 
four-week courses. Patients were dis- 
charged from the clinic after their 
Pb-B level remained below 50 yg/dL 
(2.41 mol/L) for two consecutive months, 
although 24 of the 74 patients failed to 
return for appointments before this 
goal was reached. These 74 patients at- 
tended the lead clinic for up to five years 
and received one to nine courses of cal- 
cium disodium edetate (3.2+0.3 courses, 
mean +1 SE). Recurrent lead ingestion, as 
established by either a secondary rise in 
Pb-B concentration or a roentgenogram of 
the abdomen suggesting recent lead inges- 
tion, was the primary reason for repeated 
courses of chelation therapy. 

In the ten years between January 1974 
and December 1983, patients were recalled 
a mean of 4.7 times for physical, neuro- 
psychologic,’ and laboratory examina- 
tions.* The age range was between 14 and 72 
months (mean age, 26.4+ 9.6 months) when 
treated and between 12 and 21 years (mean 
age, 16.1+2.2 years) when recalled in 1983. 
All but one patient were treated in the 
municipal lead clinic and followed up by one 
of the authors (H.K.S.), although 13 pa- 
tients had been initially hospitalized else- 


where for medical emergencies. Blood lead 
values were obtained before treatment, 
after treatment(s), and again in 1974, 1976, 
1980, and 1988; Pb-B concentration was 
determined in the lead laboratory of the 
Chicago Board of Health by atomic absorp- 
tion spectroscopy.° 


Statistics 


Linear correlation was calculated using 
the method of least squares. To determine 
the effect of the number of courses of cal- 
cium disodium edetate and years of follow- 
up on the mean Pb-B concentration, two- 
way analysis of variance was performed. 
Scheffe’s test for multiple comparisons was 
used to determine significant differences 
between treatment groups. 


RESULTS 


The initial response to chelating 
agents was greatest in patients with 
the highest Pb-B levels. When chelat- 
ing agents were administered in subse- 
quent courses, the diminution of Pb-B 
levels occurred at a much slower rate. 
Figure 1 depicts typical responses of 
Pb-B concentration to chelation ther- 
apy in two patients whose exposure to 
paint was promptly terminated and 
whose secondary elevations were, 
therefore, not due to continued inges- 
tion. These patients demonstrated 
dramatic reductions in Pb-B concen- 
tration after initial courses of chelation 
therapy but minimal response to sub- 
sequent therapy when the Pb-B level 
was 80 g/dL (3.86 pmol/L) or less. 

The Table shows that when Pb-B 
concentrations are grouped according 
to the number of courses of calcium 
disodium edetate administered, the 
group means (maximal Pb-B level) are 
significantly different (P<.0001); 
Pb-B levels are highest in patients 
treated with six to nine courses of 
calcium disodium edetate and lowest in 
those treated once. There are signifi- 
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cant differences (P<.05) between Pb- 
B levels in patients treated once vs 
those treated four to five times and 
those treated six to nine times. After 
treatment and with the passing of 
time, there is no difference in mean 
Pb-B concentration between treat- 
ment groups. 

Figure 2 is a scattergram of all Pb-B 
determinations made between 1967 
and 1983. It is apparent that after 
treatment(s), the Pb-B concentration 
decreased slowly over the next 16 
years. Figure 3 shows that when post- 
treatment Pb-B values are plotted ona 
logarithmic scale against age (in 
months) plotted on an arithmetic 
scale, there is a significant correlation 
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(r= —.829, P<.001). The regression 
line described by the following equa- 
tion allows one to estimate the post- 
treatment Pb-B level as a function of 
age in months: log Pb-B level =1.78+ 
(— .0031)(age in months). 


COMMENT 


Several studies have documented 
the extent to which chelating agents 
enhance the excretion of lead from 
blood and soft tissues.*” To our knowl- 
edge, no other study has followed a 
cohort of profoundly lead-poisoned 
children through adolescence to ob- 
serve the natural decline of posttreat- 
ment Pb-B concentration. 

Our data disclose a predictable de- 





Fig 1.—Response of blood lead (Pb-B) concentrations to brief courses of chelation therapy. 
Data were obtained in two patients. Solid line segments show decrease in Pb-B concentra- 
tions during and after therapy with calcium disodium edetate (or dimercaprol and calcium 
disodium edetate), while dashed line segments show trend in Pb-B concentration without 


chelation therapy. 


crease in Pb-B concentration that is 
independent of the maximal Pb-B con- 
centration before therapy. The cor- 
relation between the logarithm of 
Pb-B concentration and age in months 
is significant, and the equation defined 
by the regression line allows one to 
predict the Pb-B level at specific ages 
after chelation therapy. For example, a 
child treated at 2 years of age is not 
likely to have a Pb-B value below 
25 wg/dL (1.21 mol/L) until 10 years of 
age. 

An exception to this observation 
is the child whose Pb-B level rises 
from normal to above 100 pug/dL 
(4.83 pmol/L) in just a few weeks. Such 
a patient rarely requires more than 
one course of calcium disodium edetate 
for the Pb-B level to return to normal. 
The absence of lead lines in the bones 
at the initial examination confirms that 
the period of lead toxicity was brief 
and indicates that accumulation of lead 
in bone was minimal.” 

Recently, childhood lead poisoning 
has been extensively reviewed.” 
Low levels of lead have been reported 
to have adverse effects on behavior and 
intelligence,” on hemoglobin forma- 
tion,” and on metabolism of vitamin 
D.” As a result, the definition of a 
normal Pb-B concentration has under- 
gone repeated revisions. In 1969, the 
American Academy of Pediatrics con- 
sidered Pb-B levels of 15 to 40 wg/dL 
(0.72 to 1.93 pmol/L) normal for 
unexposed children.” In 1978, the 
Centers for Disease Control (CDC), 
Atlanta, defined the ceiling as 
29 wg/dL (1.40 pmol/L) or less,” and in 
1985 the CDC lowered it to 25 wg/dL 


Number of Courses of Calcium Disodium Edetate and Reduction in Blood Lead (Pb-B) Levels Over Period of Nine to 17 Years 


Pb-B Level, g/dL (mol/L) 


No. of 
Patients 


No. of 


Courses Maximal 


119.8+8.1 
(5.78 + 0.39) 


149.1+13.1 


(7.20 + 0.63) 


155.3+11.7 
(7.49 + 0.56) 


187.9 + 23.9* 
(9.07 + 1.15) 


192.8 +41.4* 
(9.30 + 2.0) 


Posttreatment In 1974 


In 1976 


41.8=26 
(2.02 +0.13) 


47.6=2.8 
(2.30 =0.14) 


47.5=3.0 
(2.29 +0.14) 


47.5+2.3 
(2.29 +0.11) 


50.5+3.6 
(2.44 +0.17) 


31.8+3.3 
(1.53 + 0.16) 


32.4+2.0 
(1.56 +0.10) 


38.0+2.2 
(1.83 +0.11) 


41.9+26 
(2.02 + 0.13) 


42.3+2.2 
(2.04+0.11) 


31.4+3.5 
(1.52+0.17) 


28.3+3.6 
(1.37 +0.17) 


32.6+3.3 
(1.57 +0.16) 
40.4+3.7 
(1.93 + 0.18) 


37.8+4.8 
(1.8+0.23) 


18.5+2.5 
(0.89 +0.12) 


18.9+3.0 
(0.91 +0.14) 


21.0+1.6 
(1.01 +0.08) 


21.8+2.0 
(1.05 +0.10) 


23.1+2.5 
(1.11+0.12) 


13.8+1.4 
(0.67 +0.07) 


14.4+1.0 
(0.69 + 0.05) 
15.0+1.1 
(0.72 +0.05) 
13.8+1.1 
(0.67 + 0.05) 


15.9+2.4 
(0.77 +0.12) 





*Multiple comparisons were made with a two-way analysis of variance, P<.025, compared with patients who received one course of therapy. 
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(1.21 pmol/L) or less.” The patients in 
our study were all treated before 1972, 
when a Pb-B level of 40 pg/dL 
(1.93 pmol/L) was considered normal. 

Calcium disodium edetate is highly 
effective in rapidly reducing dan- 
gerous levels of Pb-B. Yet, after a 
concentration of 50 to 70 wg/dL (2.41 to 
3.38 mol/L) has been reached, more 
chelation therapy results in only a 
minimal response, and the patterns 
of waning Pb-B levels are similar 
whether treatment is given or with- 
held (Fig 1). Furthermore, our lengthy 
observation of this cohort of lead- 
poisoned children, who were treated 
and did not have encephalopathy, has 
shown that Pb-B values of 50 to 
70 wg/dL (2.41 to 3.38 pmol/L) do fall 
spontaneously, and results of follow-up 
neuropsychologic testing performed 
six to ten years after treatment were 
not significantly different from those 
observed in patient-sibling con- 
trois.” 

Because of serious potential side ef- 
fects," the use of calcium disodium 
edetate must be clearly indicated. Our 
recent observation in 130 children” 
with Pb-B levels greater than 50 pg/dL 
(2.41 wmol/L) and/or free erythrocyte 
protoporphyrin greater than 250 pg/dL 
(4.43 pmol/L) showed that 13% of the 
children developed evidence of mild 
nephrotoxicity after a course of calcium 
disodium edetate, 25 mg/kg/dose, 
given every 12 hours for five days; four 
children (3%) developed oliguric acute 
renal failure. When considering multi- 
ple courses of chelation therapy, the 
clinician must recognize the slow, natu- 
ral decrease of Pb-B concentration 
after chelation therapy and its relative 
resistance at lower levels to further 
treatment. This tendency may reflect a 


smaller absolute and proportional 


amount of labile lead. 

We agree with the following 1985 
CDC recommendations”: (1) to repeat 
chelation therapy if the Pb-B concen- 
tration rebounds to a pretreatment 
level of 70 mg/dL (8.388 pmol/L) or 
more and (2) to increase the interval 
between testing when the Pb-B con- 
centration remains stable or shows a 
continued decline. However, we dis- 
agree with Piomelli et al* that 
“the goal [immediate treatment follow- 
up] of chelation therapy is to perma- 
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nently reduce the blood lead level to 
<25 pg/dL and that of erythrocyte 
protoporphyrin to <35 pg/dL. To 
achieve this goal it may be necessary to 
give several courses of treatment.” The 
initial Pb-B levels in the present study 
were quite elevated. In patients with 
lesser but still treatable Pb-B levels, it 
might be possible to “permanently” 
reduce the Pb-B level to less tman 
25 wg/dL (1.21 pmol/L) with one or 
more courses of chelation therapy. 


However, Klein and Schlageter” have 
shown that Pb-B levels between 60 and 
80 mg/dL (2.90 and 3.86 pmol/L) in 
children over 3 years of age and in a 
safe environment will spontaneously 
drop and only rise slightly during sub- 
sequent summers without chelation 
therapy. 

Of course, the sine qua non of pre- 
vention and treatment of lead poison- 
ing is the removal of sources of lead 
from the child’s environment. 
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Fig 2.—Scattergram showing all blood lead (Pb-B) levels vs age. Open squares indicate 
Pb-B level and age before treatment; salid circles, Pb-B level and age after treatment(s); 
open circles, Pb-B level and age in 1974; solid squares, Pb-B level and age in 1976; open 
triangles, Pb-B leve! and age in 1980; and closed triangles, Pb-B level and age in 1983. One 
hundred twenty-four values are hidden (of 444 observations, 124 values overlap because 
points are concentrated between 25 and 75 pg/dL [1.21 and 3.62 mol/L). 


Fig 3.—Relationship between logarithm of blood lead (Pb-B) levels after treatment(s) and 
age. All Pb-B plots represent values obtained after completion of treatment (two successive 
Pb-B values of 70 ug/dL [3.38 pmol/L] or less). Regression equation was calculated by 
method of least squares; data fit highly statistically significant line of regression (r= — .829, 
P<,001) and are described by following equation: log Pb-B level =1.78 + (—.0031)(age in 
months). Solid circles indicate Pb-B level and age after treatment; open circles, Pb-B level 
and age in 1974; solid squares, Pb-B level and age in 1976; open triangles, Pb-B level and 
age in 1980; and solid triangles, Pb-B level and age in 1983. Forty values are hidden (of 370 
observations, 40 values overlap). 
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Survey on the Management 


of Febrile Seizures 


Deborah G. Hirtz, MD; Young Jack Lee, PhD; Jonas H. Ellenberg, PhD; Karin B. Nelson, MD 


è A survey regarding the management 
of the child with febrile seizures was 
mailed to 10 000 child neurologists, neu- 
rologists, pediatricians, and family and 
general practitioners. The response rate 
varied by specialty; overall, slightly 
more than half the physicians re- 
sponded. One third or less of physicians 
prescribed anticonvulsive therapy only 
at the time of febrile illness, although 
this practice was much less common 
among recent graduates. If children had 
lengthy or focal seizures, the majority of 
physicians in all specialties either pre- 
scribed long-term treatment or referred 
for consultation. Long-term daily anti- 
convulsant therapy was prescribed 
most frequently by child neurologists 
and least often by general practitioners, 
who most often referred for consulta- 
tion. Rate of hospitalization also differed 
according to specialty. The results of the 
survey indicate that the management of 
a child with febrile seizures may differ 
depending on the specialty of the attend- 
ing physician. 

(AJDC 1986;140:909-914) 


A consensus development confer- 

ence met at the National Institutes 
of Health (NIH) in 1980 to discuss 
current practice in the management of 
children with febrile seizures, the 
most common convulsive disorder of 
childhood.’ At that time, medical opin- 
ion seemed quite divided with regard 
to treatment of this disorder. Notably, 
two widely used standard textbooks of 
pediatrics expressed opposite opin- 
ions, one recommending daily medica- 
tion for all children who had experi- 
enced a febrile seizure, the other 
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recommending no treatment.””® 

The NIH Consensus Panel con- 
cluded that there was no evidence that 
prolonged therapy with anticonvul- 
sants prevents the development of epi- 
lepsy or significant neurologic deficits, 
but that a proved benefit of prophy- 
laxis was the prevention of febrile sei- 
zure recurrences. The panel’s report 
was published in widely read medical 
journals.*° 

Recently, it has been proposed that 
febrile seizures in young children may 
have a more benign prognosis than has 
previously been thought® and may war- 
rant less treatment. In addition, po- 
tential behavioral and cognitive side 
effects of anticonvulsant medication in 
this young population are of increasing 
concern.’ The survey reported here 
was undertaken to evaluate the rela- 
tionship between the report of the 
NIH Consensus Panel and actual clini- 
cal practice and to examine recent 
attitudes toward seizure disorders in 
children. It provides a basis for de- 
scribing current practice regarding 
management decisions for children 
with febrile seizures, describes differ- 
ences in treatment practices among 
different specialties, and determines 
whether management differs accord- 
ing to geographic region, practice set- 
ting, or year of medical school gradua- 
tion. 


METHODS 


The American Medical Association pro- 
vided from its 1982 register a random sam- 
ple of approximately 10 000 physicians who 
were general practitioners or who prac- 
ticed specialties that treat children with 
febrile seizures. (Hereafter the term “spe- 
cialties” will include general practitioners 
as well as family practitioners, pediatri- 
cians, neurologists, and child neurol- 
ogists.) The register included nonmembers 
and members. Within the sampling restric- 


tions imposed by the American Medical 
Association for protection of the privacy of 
their listees and the requirements for sam- 
ple size in each specialty that would achieve 
desired precision for estimation, a sam- 
pling ratio was used ranging from approx- 
imately 5% of general practitioners to 
almost 100% of child neurologists (Table 1). 
Labels were supplied with addresses and 
information about year of graduation, 
state, sex, type of practice, present em- 
ployment, and specialty. The questionnaire 
with the background information label at- 
tached was mailed along with a cover letter 
assuring the privacy of respondents and 
stating the following definition of a febrile 
seizure: 


A febrile seizure is an event in infancy or 
childhood, usually occurring between three 
months and five years of age, associated 
with fever but without evidence of intra- 
cranial infection as defined cause. Seizures 
with fever in children who have suffered a 
previous nonfebrile seizure are excluded. 
Febrile seizures are to be distinguished 
from epilepsy, which is characterized by 
recurrent nonfebrile seizures. 


The survey, a precoded form (Figure), 
asked questions regarding frequency of 
prescription of anticonvulsant medication, 
hospitalization, monitoring of blood levels, 
and referral to another physician for con- 
sultation. For questions about indications 
for treatment or consultation, goals of 
treatment, and reasons for drug monitor- 
ing, respondents were asked to indicate as 
many of the choices listed as applicable. 

We tabulated responses by primary spe- 
cialty. Background variables such as year of 
graduation, practice setting (solo, group, 
etc), and geographic region differed by 
specialty. We used multiresponse logistic 
regression techniques to adjust for differ- 
ing proportions of background variables in 
reporting frequency of intermittent and 
long-term therapy and consultation. For a 
given question, the probability of choosing 
each category was estimated by maximum 
likelihood estimation accounting for the 
presence of potentially confounding varia- 
bles. The computer routine used was the 
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Table 1.—Sampling Frame and Response Rate by Specialty 


Sample Size 


Specialty 
Child neurology 
Neurology 
Pediatrics 
Family practice 
General practice 
Total 


*AMA indicates American Medical Association. 


PROC LOGIST in the Statistical Analysis 
System.*® 


RESULTS 
Response Rate 


The highest response rate was 
among child neurologists (79%), fol- 
lowed by pediatricians (63%); the low- 
est was among general practitioners 
(36%) (Table 1). A higher rate of re- 
sponse correlated with a faster re- 
sponse time. There was a tendency for 
response rate to be higher with more 
recent year of graduation and to vary 
by practice setting and geographic re- 
gion. 


Number of Children 
Cared for by Specialty 


Ninety-two percent of responding 
general practitioners, 90% of family 
practitioners, and 70% of neurologists 
had cared for five or fewer children 
with febrile seizures during the 12 
months preceding the survey. A num- 
ber of general practitioners indicated 
that their practice included relatively 
few children. Fifty-two percent of pe- 
diatricians and 88% of child neurol- 
ogists had cared for more than five 
children with febrile seizures in the 
preceding year, and 50% of child neu- 
rologists had seen more than 20. 


Management 


Hospitalization. — Approximately 
a third of general and family practi- 
tioners frequently or routinely hospi- 
talize a child with a febrile seizure, 
whereas about one in five neurolo- 
gists, pediatricians, and child neurolo- 
gists do so. Among those who hospi- 
talize at least some of the time, two 
thirds or more in all specialties do so 
frequently or routinely in the presence 
of medical complications and after pro- 
longed seizures. The number of previ- 
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AMA Population Frame* 


Response Rate, % 





ous febrile seizures does not weigh 
heavily in the decision to hospitalize. 

Intermittent Therapy.— Almost no 
child neurologists prescribe intermit- 
tent therapy, defined as anticonvul- 
sant medication only at the time of 
acute febrile illness. About one third of 
pediatricians prescribe intermittent 
therapy at least occasionally, and more 
than one third of general practitioners 
frequently or routinely prescribe this 
regimen (Table 2). For all specialties, 
recent graduates do not prescribe in- 
termittent therapy as often as earlier 
graduates. While 14% of all pediatri- 
cians frequently or routinely prescribe 
intermittent therapy, 43% of those 
graduating before 1946 and 1% of those 
graduating after 1976 do so. There is a 
difference according to practice set- 
ting only for pediatricians; about 28% 
in solo practice prescribe intermittent 
therapy, compared with about 11% for 
those who practice in medical schools. 
There is no effect of geographic region. 

Long-term Therapy.—Child neu- 
rologists most often prescribe long- 
term daily anticonvulsant medication 
(Table 3). Over 95% of child neurolo- 
gists and over 75% of neurologists and 
pediatricians prescribe such treat- 
ment at least occasionally. General and 
family practitioners do so less often 
but often refer patients for consulta- 
tion. 

The frequency of prescription of 
long-term therapy does not vary 
among child neurologists, general 
practitioners, and neurologists with 
regard to geographic region, year of 
graduation, or practice setting. How- 
ever, for pediatricians and for family 
practitioners, the longer the time from 
graduation from medical school, the 
less often they prescribe long-term 
anticonvulsants. Fifty-seven percent 
of pediatricians and 33% of family prac- 


titioners graduating before 1946 pre- 
scribe long-term treatment at least 
occasionally, compared with 82% of 
pediatricians and 64% of family practi- 
tioners graduating after 1976. 

Consultation.—Forty-six percent 
of general practitioners frequently or 
routinely refer children with febrile 
seizures for consultation and over 90% 
do so at least occasionally. Frequent or 
routine referrals are less common in 
other specialties, practiced by about 
26% of family practitioners, 13% of 
neurologists, and 10% of pediatricians. 
Child neurologists do not request con- 
sultations. 

For neurologists, practice setting 
affected the response, with highest 
frequency of consultation, 20%, re- 
ported at medical schools and the low- 
est, 5%, reported in solo practice. For 
family practitioners, 41% who gradu- 
ated before 1946 consult frequently or 
routinely, in contrast to 13% of the 
most recent graduates. Geographic re- 
gion was the only factor for which the 
response of general practitioners dif- 
fered, with the highest rate of frequent 
or routine consultation (67%) in New 
England, and the lowest rate (20%) in 
the plains states. 

Factors Influencing Decisions to 
Treat or Refer.—Physicians were 
asked to choose from a list of factors 
the ones they considered to be suffi- 
cient reasons for long-term treatment 
or consultation. Since some physicians 
treat, some consult, and others may do 
both, we examined for each specialty 
the percentage of responders who indi- 
cated, for various clinical factors, that 
they took some action—treatment, 
consultation, or both (Table 4). Four 
fifths or more of the physicians in all 
specialties chose seizure duration of 
over 30 minutes and unusual seizure 
type (eg, focal). The number (not spec- 
ified in the question) of prior febrile 
seizures and the presence of abnormal- 
ity prior to the seizure are considered 
sufficient indications to warrant treat- 
ment and/or referral for consultation 
by more than 80% of pediatricians, 
family practitioners, and general prac- 
titioners and by more than 70% of 
neurologists and child neurologists. A 
family history of febrile or nonfebrile 
seizures is not considered to be a basis 
for treatment and/or consultation by a 
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SURVEY OF PRACTICE 
IN THE MANAGEMENT OF FEBRILE SEIZURES 





1. Approximately how many individual children with febrile seizures did you care for in the last 12 months? (Check one) 









C none O15 Cleo g 11-20 C] more than 20 
2. What is your primary speciality? (Check one) 
Child Family 
a Pediatrics go Neurology g Neurology Practice 
2 3 a 
General 
O Practice C Other (Specify) 
8 
3. For the child who has had febrile seizure(s) (and no history of nonfebrile seizures), would you: 
seen | S| Barr | Per | 
SIONALLY | QUENTLY TINELY 
i 2 3 
A. Prescribe anticonvulsant medication only during feverish illness?. ..... EEE AEA E 
B. Prescribe anticonvulsant medication for long-term use?... 2... 2... 
> Fier Wir GOON Si asics ates a ee we Kee os BAUER Ta wets 


4. Ifyou do prescribe chronic prophylaxis or seek consultation for some children with febrile seizures, please indicate which, if any, of 
the factors below you consider in themseives sufficient indications for chronic treatment or consultation. (Check applicable boxes) 


D, Prior abnormal or suspect psychomotor development 
E. Family history of febrile seizures ............. Fs RE pnw tee Poe SEA hearts eae a 


artes GRRE ON OE ONE a 6 d a wie Ws on hid aa a Hew ee oe» WETS 
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> IF YOU NEVER PRESCRIBE CHRONIC PROPHYLAXIS, SK/P QUESTION 5. 
6. If you prescribe chronic prophylaxis, 


A. What do you consider the major goals of treatment? 











(Check as many as apply) 
(1) To prevent recurrence of febrile seizures... eee eee n nae 
(2) To prevent subsequent cerebral palsy... cee ee teers 
(3), Veo rename PIE. -aoina i ies es ces iedreen dia n slew a tee sale cues awe as 
(4) To prevent subsequent epilepsy... eee tree etter ween eennesarenees 
W Teo peawenn ental TORMTERTION ooo aisi oc cc calcein ese vines epee eves Sa aos 
(6) Other (Specify) 
B. In most cases, how long do you continue treatment? 
(Check the nearest range) 
C] 15 mo. C 611 mo. mici [C] More than 2 vr. 
To a partio- 
ular age Other 
C] Specifi C] (specity) 


C. Indicate the most preferred drug by placing 1, and the second most preferred drug by placing 2, in the preference column. 
Specify the dose you prescribe for the most preferred drugs. 


Lat Clete aan GR MMORRORLS oo u's nid E TE E ww nia. viaratwey los faire 
(5) Valproic Acid (Depekene)® 0.0... E eee ee ee eee 
(6) Other (Specify) 





D. (1) If there are persistent side effects of anticonvulsant medication, such as hyperactivity or sleep disturbances, what do you do? 


Regulate Dose and/or 
o Change Anticonvulsant 


C] stop anticonwsisam 
(2) If side effects persist despite adjustments, what do you usually do? 


g Stop Anticonvulsant g Continue Anticonvulsant 





NIH 2616 (7/82) PAGE 2 


AJDC—Vol 140, Sept 1986 








Survey questionnaire. EEG indicates electroencephalogram. 





5. D. (Continued) 


Any information you may with to add concerning management of side effects: 


E. (1) Do you monitor brood drug levels? 





a Never g Occasionally g Frequently Q Routinely 

(2) If you monitor bleod drug levels, what are the major indications? 
ey Kocak 
(a) Tocheckcomplianos .... cee cece cee ete tees nee ee esses eeenaee (eRe. 
RR SRE Rete hOB a eet" 
de} (endures OGM EEEE cose E nae epee nese see nseaeseuecces Ne DA 
(d) To monitor caanges with growth. 0 ee een eee eee oseon pe 
Ober Sper) ERER 

6. A. Do you hospitalize the febrile seizure child: 
o Never g Occasionally go Frequently O Routinely 


B. If not “Routinely” or “Never,” 


(a) After Ist febsile seizure? 6. ee ees 


(b) After 2nd or subsequent febrile seizure? ... 2... ee 


(c) After a proloaged febrile seizure? ... 2... 2. ee eee 


(d) In the presence of other medical complications?.......... 





(e) Other (Specy) 





7. Additional comments on tre management of febrile seizures are welcome. Please use the reverse side of this form. 





NIH 2516 (7/82) PAGE 3 
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Table 2.—Intermittent Treatment: Adjusted Rate by Specialty 


Adjusted Rate of Intermittent Treatment, % 


Occasionally Frequently Routinely 
Child neurology* 

Neurology 

Pediatrics 

Family practice 

Genera! practice 


*Due to small sample size, the adjusted rate for occasionally, frequently, and routinely could not be 


computed, but their total was 6.2%. 


Table 3.—Long-term Treatment: Adjusted Rate by Specialty 
Adjusted Rate of Long-term Treatment, % 


Occasionally Frequently Routinely 
Child neurology 

Neurology 

Pediatrics 

Family practice 

Genera! practice 


Table 4.—Proportion of Physicians Who 
Treat and/or Refer, by Specialty and by Clinical Features 


Specialty, % 


Child Family General 
Clinical Features Neurology Neurology Pediatrics Practice Practice 
Seizure duration >30 min 
Unusual seizure type 


No. of prior 
febrile seizures 


Abnormal! prior status 


Family history of 
febrile seizures 


Family history of 
nonfebrile seizures 


Parental anxiety 
Abnormal electroencephalogram 


Table 5.—Goals of Treatment, by Specialty 


Specialty, % 
Child Family General 
Neurology Neurology Pediatrics Practice Practice 


To prevent 
febrile seizure recurrence 


To prevent 
subsequent cerebral palsy 


To reassure parents 


To prevent 
subsequent epilepsy 
To prevent 
mental retardation 
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large majority of any specialty. There 
was no consistent agreement on the 
importance of parental anxiety, a fac- 
tor selected by more than 60% of fam- 
ily and general practitioners but by 
less than 30% of child neurologists and 
neurologists as a basis for treatment 
and/or consultation. Electroencepha- 
lographic abnormality was selected by 
more than 80% of family and general 
practitioners, and by more than 60% of 
child neurologists. 

Goals of Long-term Treatment.— 
Respondents were asked to choose as 
many as they thought applicable from 
a list of goals of long-term treatment: 
to prevent recurrence of febrile sei- 
zures, to prevent subsequent cerebral 
palsy, to reassure parents, to prevent 
subsequent epilepsy, to prevent men- 
tal retardation, and “other.” The most 
common answer was the single goal of 
prevention of febrile seizure recur- 
rence (Table 5); alone or in combina- 
tion, this was chosen by at least 75% of 
all physicians. A minority of physi- 
cians considered prevention of cere- 
bral palsy and mental retardation or 
parental reassurance as goals of treat- 
ment. Prevention of subsequent epi- 
lepsy was chosen as a goal by a larger 
number but still the minority of all 
specialties. 

Duration of Long-term Treat- 
ment.—For physicians who named a 
specific duration for long-term ther- 
apy, two years was the most frequent 
choice. The second most common 
choice for child neurologists, neurolo- 
gists, and pediatricians was more than 
two years, and for family and general 
practitioners, six to 11 months. When 
duration of long-term therapy was 
based on treatment to a specific age, 5 
years of age was most frequently cited. 

Drug Preferences.—Physicians 
prescribing long-term treatment were 
asked to rank their preference among 
phenobarbital, mephobarbital, pheny- 
toin, carbamazepine, valproic acid, 
and “other.” Phenobarbital was over- 
whelmingly the preferred drug, 
named by about 90% of all physicians, 
and the most common dosage was 
5 mg/kg/d. Phenytoin was the most 
frequent second choice of all ex- 
cept child neurologists, who chose 
mephobarbital more frequently. Val- 
proic acid and carbamazepine were 
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chosen as second by 15% of neurolo- 
gists, 25% of child neurologists, and 
8% or less of the other groups. 

Side Effects.—In the event of per- 
sistent side effects of anticonvulsant 
medication, such as hyperactivity or 
sleep disturbances, 64% of general 
practitioners prescribing long-term 
medication would regulate the dose 
and/or change medication, and more 
than 80% of physicians in other spe- 
cialties would do so. Less than 17% of 
all responding physicians would stop 
anticonvulsant treatment. If side ef- 
fects persisted despite adjustments, 
more than half of all physicians would 
then stop treatment. 

Monitoring Blood Levels.— 
Among those physicians who pre- 
scribe long-term treatment, over 75% 
of neurologists and child neurologists 
frequently or routinely monitor blood 
drug levels, in contrast to 39% of gen- 
eral practitioners. Child neurologists, 
neurologists, family practitioners, and 
pediatricians obtain blood levels to 
check compliance, in the event of side 
effects or seizure recurrence, and to 
monitor changes with growth. General 
practitioners obtain blood drug levels 
most often if side effects are present or 
if seizures recur. 


Respondents’ Comments 


Physicians were given an opportu- 
nity to add their own comments. The 
most frequent comment, made by 110 
respondents, questioned or disagreed 
with the definition given for a febrile 
seizure. In general, those commenting 
preferred to limit the definition of a 
febrile seizure to a brief and gener- 
alized convulsion with fever. Remarks 
were made by about 100 physicians 
regarding the use of the electroen- 
cephalogram and lumbar puncture in 
decision making. About the same num- 
ber of physicians also stressed the 
need for parent education and reas- 
surance. Forty-six physicians added 
the opinion that fever management 
was useful in febrile seizure preven- 
tion. 


COMMENT 


In interpreting the results of any 
survey of clinical practice, one must 
consider whether the responses are 
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generalizable. In this survey, the pro- 
portion of physicians responding var- 
ied by specialty, year of graduation, 
type of practice, and geographic re- 
gion. Among those who did respond, 
these factors affected the distribution 
of responses. Statistical regression 
analysis within specialty was used to 
adjust for the effect that the different 
distributions of these variables might 
have on the responses. This increases 
the likelihood that within each spe- 
cialty the results are representative. 

In 1975, Asnes et al? surveyed a 
sample of practicing pediatricians re- 
garding the management of the child 
with a first brief generalized febrile 
convulsion. They reported that man- 
agement varied considerably and that 
intermittent therapy was common 
practice. 

The survey described here was con- 
siderably wider, including physicians 
from general practice and the four 
medical specialties caring for children 
with febrile seizures. There was still a 
wide variation in practice, but the use 
of intermittent anticonvulsants was 
less frequent than among the pediatri- 
cians surveyed by Asnes et al’ and was 
much less common among recent grad- 
uates. However, despite evidence that 
intermittent therapy did not prevent 
febrile seizure recurrences,” it has 
continued to be prescribed by a signifi- 
cant number of physicians other than 
child neurologists, most often by gen- 
eral and family practitioners. Therapy 
may sometimes be prescribed for other 
reasons, such as parental reassurance, 
and two thirds of family and general 
practitioners did consider parental 
anxiety to be a factor in management 
decisions. 

Some general trends were evident 
according to specialty group. At one 
end of the spectrum, child neurologists 
hospitalized least frequently and pre- 
scribed long-term treatment most fre- 
quently and intermittent treatment 
least frequently. This would be ex- 
pected, since child neurologists gener- 
ally see a referral population of more 
severely affected children. General 
practitioners’ patterns of response 
were at the opposite end of the spec- 
trum: they hospitalized most often, 
used long-term treatment least and 
intermittent treatment most, and re- 
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ferred for consultation most fre- 
quently. Family practitioners gener- 
ally tended to follow patterns similar 
to general practitioners, and pediatri- 
cians’ and neurologists’ responses fell 
within the middle range. The higher 
rate of hospitalization and consultation 
among general practitioners may indi- 
cate their consideration of the illness 
as more serious. However, many fac- 
tors may come into play in these deci- 
sions, which may affect specialty 
groups differently: desire to contain 
cost, use of hospitalization to obtain a 
consultation more rapidly, “defensive 
medicine,” and concern regarding the 
reliability of home follow-up. 

There was consistent agreement on 
only one goal of treatment: prevention 
of febrile seizure recurrence. More 
than 40% of neurologists and child 
neurologists chose prevention of sub- 
sequent epilepsy as a goal of treat- 
ment, despite the lack of evidence that 
this goal can be achieved. 

All the specialty groups agreed on 
certain criteria for treatment or refer- 
ral, such as long seizure duration and 
unusual seizure type. Other clinical 
features were also frequently chosen, 
such as number of prior febrile sei- 
zures and presence of neurologic ab- 
normality before the first seizure. 
Prior to this survey, Ellenberg and 
Nelson” reviewed published recom- 
mendations for criteria for treatment. 
They found that those who recom- 
mended treatment based on selective 
criteria associated with heightened 
risk for nonfebrile seizures (family his- 
tory, prior status, first febrile seizure 
type, and young age at onset) would 
include as many as one to two thirds of 
the febrile seizure population. How- 
ever, 95% of children nominated for 
treatment would never have had a non- 
febrile seizure. 

The NIH Consensus Development 
Conference summary statement’ of- 
fered the option that prophylactic 
treatment may be considered in cer- 
tain situations, which included the se- 
lected clinical features chosen by most 
respondents to this survey. However, 
evidence has not emerged that prophy- 
laxis prevents later epilepsy, and con- 
cern has been increasing that medica- 
tion may have significant side effects. 
Vining and Freeman” wrote recently, 
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“Having considered these factors, the 
risks of the seizure and the side effects 
and benefits of anticonvulsant medica- 
tion, we rarely use prophylactic medi- 
cation.” 

In summary, this survey examined 
the management of a common but con- 


1. National Institutes of Health: Febrile Sei- 
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troversial clinical problem encoun- 
tered in the practice of several special- 
ties. While practice was not uniform 
even within specialty, the manage- 
ment of the child who has experienced 
a febrile seizure may depend on the 
specialty of the attending physician. 
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Book Review 


Cystie Fibrosis, edited by Lynn M. Taussig, 512 pp, with illus, $48.50, 
New York, Thieme-Stratton Inc, 1984. 


This is an important textbook on a disease that crosses 
the practice paths of many physicians, albeit sometimes 
unrecognized. | 

The lead author and editor, Lynn M. Taussig, MD, has 
been a leader in cystic fibrosis (CF) care and research for 
many years and has incorporated in this book his flare for 
clinical care, as well as his concern for promoting research 
and providing a deeper understanding of CF. The contribu- 
tors are well known for their effort and involvement with 
CF and are well chosen for the chapters they have contrib- 
uted. 

The book is organized into chapters by organ system, 
which allows each chapter to stand by itself. However, as 
acknowledged by the editor, this organization does obscure 
“the interactive problems of CF.” 

In his overview, Dr Taussig reviews the events that have 
led to our present state of knowledge and places major 
discoveries in historical perspective. It is a short, but 
excellent, chapter. 

Chapter 2 on genetics is clearly written but, unfor- 
tunately, has become dated by the recent exciting advances 
in the genetics of CF. The rapidity of these discoveries 
outstrips the abilities of any textbook to keep pace, but the 
chapter remains helpful. 

Chapter 3 presents a thorough and detailed discussion of 
the progress being made in understanding the pathogenesis 
of CF. The presentation is clear and includes sufficient 
background information for those of us not immersed in 
protein chemistry and secretory regulation. 

“Diagnosis,” by Beryl Rosenstein, MD, and Terry S. 
Langbaum, will be especially helpful as a source of practical 
information for clinicians faced with a puzzling patient. 
There are useful tables on unusual presentations and indica- 
tions for sweat testing, and the discussion on the ethical 
considerations of screening tests is especially thought 
provoking. 
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The respiratory system is covered in depth in a chapter 
that describes the interplay of infection and airway obstruc- 
tion on the decline of respiratory function with advancing 
age. This chapter does not provide a quick “how to” for the 
clinician but rather gives the basic information needed to 
make a careful clinical decision. Some of the recommenda- 
tions necessarily lack specificity, but this serves to point out 
the lack of hard clinical data on the treatment of CF. The 
reproduction of radiographs is disappointing, and, it is 
hoped will be improved in the next edition. 

Chapters discussing both the gastrointestinal tract and 
the pancreas are well written and complete, providing 
clinical recommendations that are well correlated with data 
from the literature. 

No physician should skip the chapter “Psychosocial As- 
pects of CF.” Although the organization of the book dictates 
a separate chapter, all physicians must be continually aware 
that these aspects should be integrated into the daily 
medical care of the child with CF and his or her family. This 
chapter draws on Dr Denning’s wealth of experience, while 
at the same time pointing out the need for the gathering of 
hard data on the influence of social stress on the life span 
and life quality of children and adults with CF. 

At first it would seem that a book devoted to a single 
disease would have a limited audience; but since the diag- 
nosis and care of CF is important to all physicians who care 
for children, and adults, this book should find wide read- 
ership. Dr Taussig has provided a well-organized and well- 
referenced work that has sufficient depth to be useful to 
those already familiar with the disease, while providing a 
readable and practical guide for those who are not regularly 
involved with the care of patients with CF. 

HowarD EIGEN, MD 

Department of Pediatrics, 
Room 293 

702 Barnhill Dr 

Indianapolis, IN 46223 
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Knuckle Pads in Children 


Amy S. Paller, MD, Adelaide A. Hebert, MD 


e Knuckle pads occur from benign 
thickening of the skin, principally the 
epidermis, and are occasionally seen in 
children. Despite the name, knuckle 
pads most commonly overlie the prox- 
imal interphalangeal joints. They must 
be differentiated from a variety of other 
cutaneous abnormalities. There is no 
consistently effective treatment, but 
knuckle pads have been reported to re- 
solve spontaneously in children. 

(AJDC 1986;140:915-917) 


Knuckle pads are well-defined, 

rounded thickenings of the skin 
overlying the dorsal surface of any 
digital joint, but especially over the 
proximal interphalangeal joints. The 
lesions are usually asymptomatic and 
grow slowly over months to years, 
sometimes reaching 2 cm in diameter. 
Isolated knuckle pads must be recog- 
nized as benign but persistent growths 
that should be differentiated from 
other digital lesions. 


PATIENT REPORTS 


PATIENT 1.—A 4-year-old boy presented 
with growing lesions overlying his knuckles 
for one year. He denied discomfort, pru- 
ritus, and trauma to the fingers and had no 
other medical problems. Physical examina- 
tion disclosed firm, hypopigmented pads, 
varying from 0.2 to 1 cm in diameter, over 
the proximal interphalangeal joints of the 
index, third, and fourth fingers of the left 
hand and the index through fifth fingers of 
the right hand. He had no involvement of 
the thumbs or toes and no palmoplantar 
keratoderma. He was treated with salicylic 
acid (Keralyt) gel under polyvinyl wrap 
occlusion for three months without any 
response. 
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PATIENT 2.—A 12-year-old boy with tal- 
moplantar keratoderma had first noted the 
pads on his fingers “years ago” and had 
recently noted no change. The lesions were 
asymptomatic. He denied trauma to the 
lesional sites. His mother also had pal- 
moplantar keratoderma but no lesions 
overlying her fingers. The pads were found 
over the proximal interphalangeal joints of 
the third through fifth fingers on the left 
hand and the index through fifth finger= on 
the right hand; varied in size from 0.€ to 
1.2 cm in diameter; and were firm, hypopig- 
mented, and slightly mobile (Fig 1). In 
addition, the boy had marked thickening of 
the palms and soles and hyperkeratotic 
plaques on his elbows and knees. He de- 
sired no therapy. 

PATIENT 3.—A 14-year-old girl first de- 
veloped lesions at 9 years of age. The 
lesions grew during a period of months and 
have subsequently remained unchanged, 
except for slight enlargement following 
cryotherapy to all lesions at 13 years of age. 
The pads are asymptomatic, and the pa- 
tient reports no trauma. The palms and 
soles are hyperkeratotic. On examination, 
the patient has smooth hypopigmented 
pads overlying all proximal interphalangeal 
joints, including the thumbs (Fig 2). 
The second through fourth toes also have 
pads over the proximal interphalangeal 
joints. 

The mother has palmoplantar kerato- 
derma but no knuckle pads. A 17-year-old 
brother has a nine-year history of knuekle 
pads over the proximal interphalangeal 
joints of all fingers and the thumbs but not 
the toes. The mother reports that the 
brother bites only the joints of the seeond 
and third digits of the right hand. The 
father has no cutaneous lesions. The pa- 
tient has noted softening and flattening of 
the lesions with 25% urea lotion during one 
month of treatment. 

PATIENT 4.—A 9¥%-year-old girl had an 
18-month history of increased skin thick- 
ness with hyperpigmentation over the 
joints of both hands and feet. The rand 
lesions were not tender or pruritic, but the 
foot lesions were slightly pruritic. She 
denied trauma to the sites and had no ozher 
medical problems. On examination, well- 
circumscribed hyperpigmented plaques 


were present over the metacarpophalan- 
geal joints of the fourth and fifth digits of 
the left hand and over the proximal in- 
terphalangeal and metacarpophalangeal 
joints of the second through fifth digits of 
the right hand. The thumbs were unaf- 
fected. Similar plaques were noted overly- 
ing the proximal interphalangeal joints of 
all the toes, except for the halluces. 

A skin biopsy specimen was obtained 
from a lesion on the left hand. Histopatho- 
logic examination of skin sections showed 
marked hypertrophy of the stratum cor- 
neum with an increased number of granular 
cell layers and thickening of the epidermis 
(Fig 3). There was no inflammation. The 
patient applied 0.025% fluocinolone ace- 
tonide (Synemol) cream twice daily to the 
lesions without any observable change over 
two months. 


COMMENT 


Knuckle pads were originally de- 
scribed in 1893 by Garrod’ but have 
been evident from the Renaissance in 
paintings and on human sculpture, 
most notably Michelangelo’s statue of 
David in Florence, Italy.** Knuckle 
pads most frequently occur in teen- 
agers and young adults but may also 
develop in younger children. Although 
the lesions are usually asymptomatic, 
their appearance may cause concern. 
The pads appear as slowly growing 
thickenings over the dorsal aspects of 
the digital joints. The extent of in- 
volvement may range from a single 
finger to all digits, including the 
thumbs.** Although the pads may be 
noted over the knuckles (metacarpo- 
phalangeal joints), they are more fre- 
quently found overlying the proximal 
interphalangeal joints. Occasionally, 
they may be present overlying the 
distal interphalangeal joints. Rarely, 
knuckle pads are present on the toes. 
Usually, multiple knuckle pads do not 
appear simultaneously but develop se- 
quentially. They often begin on one 
side of the joint and spread to the 
dorsal surface. The knuckle pads may 
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Fig 1.—Well-circumscribed, smooth, hypopigmented plaques over- 
lying proximal interphalangeal joints of patient 2. Patient also had 


palmoplantar keratoderma. 





derma. 


Fig 3.—Skin section from lesional skin of patient 4 with generalized thickening of epidermis, 
hypertrophy of stratum corneum, and increased number of granular cell layers (hematoxylin- 


eosin, x 100). 


be hypopigmented or hyperpig- 
mented, particularly in dark-skinned 
individuals. They are freely movable 
over underlying joints. In children, 
they may vary in size from 0.5 to 2 cm 
in diameter and are usually painless. 
Knuckle pads take months to years to 
attain their final size. 
Histopathologically, biopsies of skin 
from knuckle pads may show two dif- 
ferent patterns, one with preponder- 
antly epidermal changes and the other 
with primarily dermal changes. The 
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first type is more common in children 
and shows thickening of the keratin 
layer and the lower epidermis, as well 
as slight proliferation of fibroblasts 
and capillaries of the upper dermis 
without infiltration by inflammatory 
cells.” The second type demonstrates 
marked fibroblast proliferation with 
thickened and irregular collagen bun- 
dles and increased collagen in the der- 
mis as well as epidermal hyperkerato- 
sis.” Electron microscopic examination 
of lesions of this second type demon- 





i: 


Fig 2.—Hypopigmented pads overlying proximal interphalangeal 
joint of thumbs of patient 3. Patient also had palmoplantar kerato- 


strates the presence of dermal myo- 
fibroblasts.° 

In children, the occurrence of 
knuckle pads is usually sporadic and 
idiopathic. Occasionally, a parent or 
child reports rubbing, biting, or pick- 
ing the fingers,’ but this history is 
unusual. Several patients with familial 
idiopathic knuckle pads have been de- 
scribed, with an autosomal-dominant 
mode of inheritance.** In contrast to 
the idiopathic nature of most knuckle 
pads in children, trauma to the skin 
overlying joints in adults is a common 
cause of knuckle pads but usually is 
related to occupational exposure. 

Knuckle pads have also been ob- 
served in association with a number of 
other disorders. Autosomal-dominant 
palmoplantar keratoderma with or 
without ichthyosis vulgaris has been 
previously described in association 
with knuckle pads,* as was the case in 
patients 2 and 3. In patients with kera- 
todermas, hyperkeratotic plaques not 
uncommonly occur on the elbows and 
knees, sites of frictional trauma. The 
mechanism for the development of 
knuckle pads in these children may be 
similar. Knuckle pads have also been 
noted on the fingers of apes and may be 
related to trauma to these sites from 
walking with pressure on bent digits.” 
Palmoplantar keratoderma and 
knuckle pads have also been reported 
in conjunction with sensorineural and 
conductive hearing loss and total leu- 
konychia."* This syndrome appears 
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Disorder Clinical Features Histopathologic Features Course 


Usually hyperkeratotic with 


Smooth fibrous thickenings, 
loss of skin lines, may be 
hypopigmented or 
hyperpigmented 

Smooth to nodular, elevated 
fibrous plaques at site of 
previous lesion 


EPP Waxy scars 
EBA Milia, atrophy 
EBD Milia, atrophy 


Callus Rough, fibrous, retained skin 
lines 


GA Subcutaneous nodule; 
annular plaque with 
papules at periphery, 
central clearing 


Subcutaneous nodules 


keloids 


Rheumatoid 
nodules 

Gottron's 
papules 


Flat-topped violaceous 
papules 


Parallel or whorled bundles 


Hyalin deposition 
Atrophy, scar 
Atrophy, scar 
Hyperkeratotic with thick 


Collagen degeneration 


Same as GA 


Variable, like dermatomyositis 


TR KAE 


es m r 
VRA AA 


Often persistent 
thick epidermis; increased 
collagen 


Persistent 
of collagen; fewer capillaries 
and fibroblasts 


Persistent 
Persistent 
Persistent 


Clears if treated 
epidermis 


Clears after 


surrounded by histiocytes months 


and lymphocytes 
Often persistent 


Follow course 





*EPP indicates erythropoietic protoporphyria; EBA, epidermolysis bullosa acquisita; EBD, epider- 
molysis bullosa dystrophica; and GA, granuloma annulare. 


to be inherited in an autosomal-domi- 
nant mode, and patients all develop the 
knuckle pads during childhood. Not 
uncommonly, patients with this syn- 
drome have knuckle pads that become 
clawlike on the toes, probably because 
of the greater trauma to the feet. Many 
patients do not complain of hearing 
loss but exhibit loss on audiometric 
testing. In adults, knuckle pads have 
been found in patients with Dupuy- 
tren’s contractures and in one patient 
with pseudoxanthoma elasticum, al- 
though these associations have not yet 
been noted in children.*“ 

Because knuckle pads are benign 
processes, their importance lies in dif- 
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ferentiating them from more signifi- 
cant cutaneous disorders (Table). In 
children, a number of benign cutane- 
ous alterations that may overlie joints 
must be considered. These include 
scars, calluses, and granuloma annu- 
lare. Scars overlying the joints of the 
dorsa of hands may result from trauma 
or from inflammatory disorders, such 
as erythropoietic protoporphyria, epi- 
dermolysis bullosa acquisita, and the 
dystrophic forms of hereditary epider- 
molysis bullosa. In children with col- 
lagen vascular diseases, rheumatoid 
nodules associated with juvenile rkeu- 
matoid arthritis or systemic lupus 
erythematosus may be confused with 
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knuckle pads. These nodules are seen 
in 6% to 10% of patients with polyar- 
ticular juvenile rheumatoid arthritis” 
and in 5% to 7% of patients with sys- 
temic lupus erythematosus.” Got- 
tron’s papules are pathognomonic for 
dermatomyositis and are typically lo- 
calized to the dorsal surface of the 
joints of the hand. 

Several patients with knuckle pads 
have reported their eventual disap- 
pearance. However, the lesions may 
persist indefinitely. Treatment for 
knuckle pads is usually unnecessary, 
since the lesions tend to be asympto- 
matic, and is often unsuccessful. For 
cosmetic reasons or for the occasional 
patient with itching or discomfort, 
therapeutic trials may be undertaken. 
If an underlying cause is determined, 
then it must be eliminated. Patients 
with knuckle pads in association with 
palmoplantar keratodermas or who 
exhibit predominantly epidermal 
pathologic features may benefit from 
the use of topical keratolytic agents, 
such as lactic acid, salicylic acid, or 
urea. The use of protective coverings, 
such as moleskin bandages, to the pads 
may be helpful for children with hyper- 
keratotic lesions due to trauma. Chil- 
dren with knuckle pads that are more 
fibrous histologically deserve a trial of 
topical corticosteroids with occlusion. 
Intralesional corticosteroids have 
been used with some success, but this 
therapy is painful and inappropriate 
for younger children. Excision of the 
nodules should not be performed, 
since severe scarring and possible ke- 
loid formation may result, and the le- 
sions often recur after simple excision. 
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The CHARGE Association 


How Well Can They Do? 


Edward Goldson, MD; Ann C. Smith, MA; Janet M. Stewart, MD 


èe Two patients with the CHARGE as- 
sociation are described, and their clini- 
cal courses are described. A longitudi- 
nal view is presented with emphasis on 
the patients’ developmental functioning. 
The positive effects of early identifica- 
tion and intervention and the need for an 
interdisciplinary approach to manage- 
ment are discussed. 

(AJDC 1986;140:918-921) 


here have been several reports 

identifying an association between 
colobomas of the iris and/or retina and 
other congenital anomalies.’** There 
have also been a number of reports in 
which an association has been made 
between choanal atresia and other con- 
genital anomalies with or without 
chromosomal abnormalities or identi- 
fiable syndromes.*’ However, it was 
Hall’ who first reported a constellation 
of nonrandomly associated congenital 
malformations occurring with choanal 
atresia. These included abnormalities 
of the eye, ear, and gastrointestinal 
tract with normal karyotypes. Finally, 
Pagon et al described 21 patients in 
whom there was an association be- 
tween ocular colobomas, congenital 
heart disease, and choanal atresia with 
multiple other anomalies. They pro- 
posed the acronym CHARGE to de- 
scribe this constellation of findings: C, 
coloboma; H, heart disease; A, atresia 
choanae; R, retarded growth and re- 
tarded development and/or central 
nervous system anomalies; G, genital 
hypoplasia; and E, ear anomalies/deaf- 
ness. 

Although most of the reports de- 
scribing the CHARGE association 
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note the existence of mental retarda- 
tion, none of these reports describe in 
any detail the actual clinical course 
followed by these patients.*" In this 
article we describe two more patients 
who have the CHARGE association 
with the purpose of presenting the 
details of their clinical courses and 
providing a more precise description of 
their intellectual development. 


PATIENT REPORTS 


PaTIENT 1.—This was the male product 
of a full-term, uncomplicated pregnancy 
born to a 24-year-old primagravida. The 
birth was complicated by prolonged labor, 
transverse lie, and fetal distress necessi- 
tating emergency cesarean section. The 
amniotic fluid was stained with meconium 
and the one-minute and five-minute Apgar 
scores were 6 and 6, respectively. The birth 
weight was 3.1 kg (25%) and the length was 
52 em (50%). The neonatal period was com- 
plicated by respiratory distress requiring 
oxygen therapy. At birth the patient was 
noted to have choanal atresia, abnormal 
pinnae, and a small phallus. The choanal 
atresia was repaired shortly after birth. A 
neonatal hearing screen suggested a hear- 
ing deficit. The child was discharged at 5 
days of age. 

At 9 weeks of age he was referred to 
The Children’s Hospital, Denver, for evalu- 
ation of asymmetric eye size, growth fail- 
ure, and developmental delay. A profound 
sensorineural hearing loss had been con- 
firmed previously and, hearing aids were 
prescribed. Physical examination at the 
time of admission demonstrated that the 
patient was below the third percentile for 
height, weight, and head circumference. 
He had a mild, left-sided facial palsy; a 
somewhat high-arched palate; broad nasal 
bridge; right microphthalmia; and low-set, 
abnormally shaped ears with an abnormal 
left auditory canal. The heart, lungs, and 
abdomen were normal. A 2-cm phallus and 
small testes were noted, and a right in- 
guinal hernia was identified. Examination 


of the extremities disclosed hypoplastic, 
deep-set toenails and a bridged simian line 
on one hand. He had generalized hypotonia 
and diffuse developmental delays. An oph- 
thalmologic evaluation disclosed bilateral 
optic nerve colobomas, right microphthal- 
mia, and mild ptosis of the right eyelid. 
During this admission the choanal atresia 
repair was revised and the right inguinal 
hernia was repaired. 

Computed tomography of the head dem- 
onstrated mild cortical atrophy. Results of 
a workup for congenital infection and meta- 
bolic disease were negative. Trypsin 
G—banded chromosomes were normal. An 
endocrine evaluation demonstrated the 
presence of normal thyroid function and a 
normal testosterone response to human 
chorionic gonadotropin. 

There was a maternal family history of 
multiple stillbirths. One stillborn male 
neonate was said to be abnormal in appear- 
ance; details on the other infants were 
unavailable. 

At the completion of the evaluation the 
diagnosis of the CHARGE association was 
made based on the presence of colobomas, 
choanal atresia, growth retardation, cen- 
tral nervous system abnormality, small gen- 
itals, and ear anomalies. Developmental 
follow-up was recommended, and the child 
was tested at 6, 10, and 14 months of age 
with the Bayley Scales of Infant Devel- 
opment, as shown in the tabulation below. 


Age, mo 
a 
6 10 14 
Mental 
developmental index 96 69 88 
Psychomotor 
developmental index 86 57 <50 


At 38 months of age the infant was tested 
with the Revised Yale Developmental 
Schedules. Results are shown below. 


Criterion Score 
Gross motor 59 
Fine motor 70 
Adaptive 74 
Speech/language 39 
Personal/social 58 


CHARGE Association—Goldson et al 


From the age of 6 months onward the 
patient received intensive occupational, 
physical, and speech/language therapy. 
The child was also followed up in an endo- 
crine clinic, where he was treated with 
intramuscular testosterone enanthate, re- 
sulting in increased growth of his penis. 

PATIENT 2.—This patient (Figure) was 
followed up at the University Hospital, 
Denver, from 5 months of age to the time of 
this writing (19 years of age). She was born 
to a 43-year-old, gravida 9, para 9, abortus 1 
(one set of identical twins) mother and a 45- 
year-old father. The pregnancy was compli- 
cated by nausea in the second trimester, 
and the mother was treated with an un- 
known medication. There were decreased 
fetal movements in the latter part of the 
pregnancy. Labor occurred at term and was 
complicated by heavy bleeding requiring 
4 units of blood. The patient’s birth weight 
was 3.3 kg (50%), her length was 47 cm 
(10%), and her head circumference was 
33 cm (50%). At birth the patient had nasal 
congestion and discharge with a positive 
culture for group B streptococcus. 

At 2 weeks of age the baby was admitted 
to the hospital because of feeding and respi- 
ratory problems. At that time she was 
noted to have a right choanal atresia and 
bilateral inferior colobomata of the retina, 
choroid, and optic nerve. Snorting respira- 
tions and nasal discharge persisted, requir- 
ing three surgical procedures to correct the 
choanal atresia, with the last procedure 
being performed when the patient was 18 
years of age. 

Concern about the patient’s development 
began early, as she did not smile until 3% 
months, rolled over at 5 months, sat alone 
at 16 months, and walked at 3 years of age. 
Developmental scores are summarized in 
the Table. Wechsler Adult Intelligence 
Scale—Revised (IQ) scores were as follows: 
verbal, 70; performance, 86; and full, 76. 
Hearing at 6 months of age was said to be 
normal, but a repeated evaluation at 4% 
years of age showed a free-field speech 
awareness threshold of 75 dB, with a bone 
conduction level of 25 dB. Test results over 
the years fluctuated somewhat, but the pa- 
tient continued to have severe mixed hear- 
ing loss. In addition, there was no response 
to icewater energy testing. Although the 
patient had a decreased potential on an 
electroretinogram, it was believed to be 
adequate to respond to vestibular stimuli. 
Her most recent audiogram (at 18 years of 
age) showed a speech-reception threshold 
of 70 dB on the right side and 80 dB on the 
left side, with an aided awareness of 30 dB. 
Her vision was sequentially evaluated, and 
her best corrected visual acuity was 20/40 
at the time of this writing. 

After early speech and physical therapy, 
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Front and lateral views of patient 2. 


the child attended a public school for the 
hearing-impaired. At 16 years of age she 
transferred to the state school for the deaf 
and blind, primarily for social and voca- 
tional reasons. 

Because of delayed motor development 
and weakness, the patient underwent a 
physical therapy assessment at 22 months 
of age that showed atrophic or absent mus- 
cles of the scapular, arm, and forearm 
areas. These deficits were believed to be 
major contributing factors to her motor 
delay. At the time of this writing she had a 
12°, left-sided, thoracolumbar scoliosis. 

At the age of 6 years the patient began 
having recurrent urinary tract infections. 
An excretory urogram obtained at that 
time showed a small left kidney with severe 
grade IV reflux. This kidney is believed to 
be dysplastic, and the problem has been 
managed by urinary suppression and fre- 
quent voiding. 

The diagnosis of CHARGE association 
was made when the child was 16 years ofage 
because of the characteristic constellation 
of clinical findings: colobomas, choanal 
atresia, delayed development, abnormal 
hearing, hypogonadism, and small stature. 
At the age of 17 years she still had no breast 
development and only scanty pubic hair. 
Studies disclosed the following hor- 
mone levels: nondetectable luteinizing hor- 
mone; follicle-stimulating hormone, 
2.7 mIU/mL (2.7 IU/L); testosterone, 
0.24 ng/mL (0.8 nmol/L); and androstene- 
dione, 113 ng/dL (3.94 nmol/L). These levels 
reflect prepubertal sex hormone develop- 
ment. The patient had a prolactin level of 
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Criteria 
Gross motor 
Fine motor 





Adaptive 
Speech/language 
Personal/social 


15 ng/mL (15 ug/L). Examination and lapa- 
roscopy under general anesthesia demon- 
strated a normal vagina and external geni- 
talia and a small, infantile uterus and 
fallopian tubes. The ovaries were small and 
white with shiny capsules and had no evi- 
dence of activity. An ovarian biopsy spec- 
imen was interpreted as “ovarian atrophy” 
with multiple primary and only one secon- 
dary follicle. A Papanicolaou smear was 
also interpreted as being atrophic with no 
estrogen effect. Cyclic therapy with conju- 
gated estrogens and medroxyprogesterone 
acetate was started, with a good clinical 
response. 

Normal laboratory values over the years 
have included complete blood cell count, 
electrolytes, serum urea nitrogen, creati- 
nine, urinalysis, bleeding time, thyroid- 
stimulating hormone, thyroxine, triiodo- 
thyronine, creatine kinase, amino acid 
screen, and G-banded chromosomes [46, 
XX, inv9(pl1q13)]. This chromosomal vari- 
ation is of no clinical significance. She had a 
normal electroencephalogram at 18 months 
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of age and a normal electromyogram of the 
shoulders and upper extremities at 2 years 
of age. A chest roentgenogram obtained at 
16 years of age demonstrated slight car- 
diomegaly with normal vasculature and 
normal clavicles. She has had a persistently 
delayed bone age. 

Patient 2’s most recent evaluation was at 
19 years 7 months of age. At that time 
her height was 151 cm (50% for a 10%-year- 
old child), her weight was 38.6 kg (50% for 
an 1l-year-old child), and her head circum- 
ference was 53.5 cm (50% for a 13-year-old 
child). Vital signs were normal. The patient 
was a pleasant, cooperative girl with deaf 
intonation, but she had easily understand- 
able speech. She had the ocular colobomata 
previously described. The nose was mildly 
bulbous with a depressed tip and small 
nares that were flatter on the left than 
the right side. There was no discharge. 
The patient had some malar and mandibu- 
lar hypoplasia and a high-arched palate. 
The auricles were squared. She was at 
Tanner stage 4 with good breast develop- 
ment and pubic hair but with scanty axil- 
lary hair. The nipples were relatively large. 
There were no cardiac murmurs. She had a 
mild pectus excavatum and clavicles that 
appeared short. Her shoulders could be 
approximated anteriorly to within 15 cm. 
There was a marked slope to her shoulders 
and the right shoulder and scapula were 
more prominent. The patient had a kypho- 
scoliosis and a compensatory lordosis. She 
was unable to raise her arms above her 
head but had good flexion and motion of her 
back. 


COMMENT 


The CHARGE association is a 
unique constellation of physical find- 
ings that have usually been associated 
with mental retardation. However, 
there have been no discussions in the 
literature describing the clinical 
course that these patients follow. The 
two patients presented in this article 
demonstrate several aspects of this 
association that we believe are of inter- 
est not only to the specialist involved 
in diagnosis and counseling but also to 
the clinician who will follow up these 
children. 

In the immediate newborn period 
the child with the CHARGE associa- 
tion can present with life-threatening 
anatomic anomalies, such as choanal 
atresia, severe congenital heart dis- 
ease, and tracheoesophageal atresia. 
These conditions, of course, must be 
managed expeditiously. As these chil- 
dren grow, other medical problems can 
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become evident. Infantile spasms” 
and endocrine problems, such as hypo- 
pituitarism,” have been described. 
Many of the boys have a small phallus, 
which is true for patient 1. He has 
received a course of testosterone that 
has accelerated the growth of his 
penis. Treatment with testosterone 
for microphallus has been reported in 
the past, and this should certainly be 
considered for boys with the CHARGE 
association.”” This is important to 
bear in mind when counseling parents, 
who inevitably ask questions about the 
size of the child’s phallus. Further- 
more, some of these children may have 
specific pituitary hormone deficits and 
may respond to replacement hormone 
therapy. This has been true for patient 
2 and has also been reported by Au- 
gust et al.” It should be noted that 
although both patients are small they 
have not been evaluated for growth 
hormone deficiency. The question that 
certainly arises is whether or not 
growth hormone would be efficacious 
in accelerating growth. Patient 1 will 
be evaluated for growth hormone defi- 
ciency at the appropriate time. Thy- 
roid hormone levels have been normal 
in both subjects. 

Most authors report that the major- 
ity of their patients with the CHARGE 
association have some degree of re- 
tarded development. Hall? described 
17 patients with IQ scores ranging 
from less than 30 to 78. Pagon et al? 
reported a similar range of intellectual 
functioning, with some patients being 
profoundly retarded and three young 
adult men who had full IQ scores of 70 
to 80 and who were doing well in 
special education classes. The patient 
described by August et al” was in a 
special education class and was per- 
forming two to three years below 
grade level. Curatolo et al” only noted 
that their patient with the CHARGE 
association and infantile spasms was 
developmentally retarded. It is true 
that none of the children described in 
the literature, including our patients, 
have been functioning in the average 
range, intellectually. However, several 
of the patients we have mentioned, 
including ours, have acquired skills 
that enable them to function quite 
well. 

To achieve this level of functioning it 


is essential that all of the patient’s 
deficits be identified early, particu- 
larly the hearing, visual, motor, and 
language deficits, and that treatment 
be started as soon as possible. Hearing 
aids and intensive speech/language 
therapy should be instituted for chil- 
dren with hearing loss as soon as this is 
identified. If visual correction is 
needed, it should be accomplished ex- 
peditiously. If this is not possible, then 
an intensive program for the visually 
handicapped should be instituted. 

In reviewing the treatment of our 
patients it is noteworthy that their 
problems were identified and ad- 
dressed very early. In addition, they 
belonged to very involved and support- 
ive families who were committed to 
their well-being. Patient 1 received 
hearing aids in the first months of life, 
and he was started in a language- 
stimulation program. His vision was 
assessed to determine the degree of 
visual deficit. There was initial coun- 
seling for the family and then ongoing 
support along with enrollment in a 
comprehensive infant program. This 
child has done better than was initially 
anticipated. 

Patient 2 is unique because she pro- 
vides a long-term perspective on a 
child with the CHARGE association. 
On the basis of her early develop- 
mental scores she was considered to be 
mentally retarded. Nevertheless, she 
continued to receive speech and phys- 
ical therapy. Her current testing 
shows a full-scale IQ in the low-normal 
range, with verbal scores lower than 
her performance scores. The discrep- 
ancy between verbal and performance 
functioning is typical of children with 
hearing impairment. Results of fre- 
quent school testing closely approxi- 
mated our test results. This leads one 
to wonder how much better patient 2 
might be functioning if her hearing 
loss had been identified earlier and 
more aggressive amplification and 
speech therapy been instituted. 
Nevertheless, patient 2 has achieved 
good social and independent-living 
skills. She is continuing her education 
through vocational training. 

It is our belief that the key to 
management for children with the 
CHARGE association, or for that mat- 
ter any association, syndrome, or 
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chronic illness, is early identification, 
evaluation of the specific deficits and 
needs, and comprehensive interven- 
tion and ongoing monitoring. It is also 
important to remember that many of 
the anomalies found in the CHARGE 
association are initially “hidden.” Fur- 
thermore, the additional identification 
of these abnormalities and problems is 
very stressful for the family. This 
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should be recognized, and consistent, 
ongoing help and support should be 
made available to these families. 
Based on our experience, we would 
suggest that, ideally, the treatment of 
a child with the CHARGE association 
should include a truly interdisciplin- 
ary approach, which needs to be well 
coordinated. A close working relation- 
ship should be established with the 
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primary physician, who may assume 
the responsibility for coordinating the 
care of the child and the family and at 
least will provide the child’s medical 
care. 
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Sports Medicine 
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Purpose.—This section provides current information related to the medical needs of young 
athletes, as pertinent to counseling young athletes and their parents regarding sports participation 
and practices contributing to the health maintenance of the athlete, as well as current concepts in the 
prevention, diagnosis, and treatment of sports-related illnesses and injuries. 


Editorial Comment.—The study reported herein deals with a unique population of prepubertal 
female elite athletes. Their running performance is related to commonly measured parameters used 
in exercise physiology laboratories. The values of anaerobic threshold and maximum oxygen 
consumption make an early contribution to the understanding of physiologic characteristics related 
to performance. For the young female athlete and the families that chose to make the commitment to 
elite athletic training, such studies conducted in this age group and extended during the maturation 
progress of adolescence will be important.—N.J.S. 


Anaerobic Threshold as a Predictor of 
Athletic Performance in Prepubertal Female Runners 


Robert R. Wolfe, MD; Reginald Washington, MD; Elaine Daberkow, RN, MSN; 


James R. Murphy, PhD; Homer L. Brammel, MD 


[terest in pediatric ergometric pa- 

rameters as predictors of athletic 
performance has increased parallel to 
the dramatic increase in childhood 
competitive sports. In adult athletes, 
anaerobic threshold (AT) appears to be 
more predictive of performance rank 
(PR) than maximum oxygen consump- 
tion (Vo,max).' For reasons yet to be 
defined, prepubertal children are felt 
to have less anaerobic capacity than 
adults.” The predictive value of AT vs 
oxygen consumption (Vo,) of PR in ten 
prepubertal female cross-country run- 
ners was evaluated. 
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METHODS 
Subjects 


Parental informed consent was given to 
evaluate ten highly conditioned female 
cross-country runners, aged 10 to 13 years 
and Tanner stage 0, after a season of com- 
petition. Their training schedule had con- 
sisted of four 14-hour workouts per week 
for three months. Each workout included 
running four intermittent 440-yd (402-m) 
distances at race pace interspersed with 
a jogging pace and finishing with a 3-mile 
(4.8-km) run at a steady three-quarter 
race pace. The group competed in the Na- 
tional Junior Olympic Cross-Country 
Championship and finished third of 25 
teams. Their PRs were derived from cumu- 
lative order of finish during the competitive 
season. 


Exercise Test and Measurement 
Each runner underwent progressive 


multistage treadmill exercise utilizing the 
protocol established by Bruce et al’ to 


voluntary maximum effort. The heart rate 
was monitored continuously by electrocar- 
diogram, and blood pressure was measured 
each minute by the indirect cuff method. 
End expiratory gases were averaged over 
30 s, and Vo,, maximum carbon dioxide 
consumption (Vco,), and minute ventila- 
tion (VE) were recorded. The AT was 
computed by plotting the ventilatory equiv- 
alent for oxygen (VE/Vo,) and carbon diox- 
ide (VE/Vco,) against time. The first iso- 
lated upward break in VE/Vo, was deemed 
to be AT.*® Anaerobic threshold was ex- 
pressed as the percentage of maximum 
oxygen consumption (% Vo,max), the abso- 
lute oxygen consumption at AT (aVo,AT), 
the percentage of exercise time (% ET), and 
the percentage of maximum heart rate 
(% MHR). 


Statistical Analysis 


The Kendall rank correlation coeffi- 
cient® (KRCC) was computed for Vo,max 
vs PR. Anaerobic threshold expressed as 
% Vomax, aVo,AT, % ET, and % MHR also 
was computed vs PR. 
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% Vomax mUkg %ET % MHF 





*AT indicates anaerobic threshold; Vomax, maximum oxygen consumption; % Vo,max, oxygen 
consumption at AT expressed as percentage of maximum oxygen consumption; aVo,AT, abso ute 
oxygen consumption at AT; % ET, time at AT expressed as percentage of total exercise time; and % NHR, 
heart rate at AT expressed as absolute percentage of maximum heart rate. 


RESULTS 


The ten female subjects were highly 
motivated, conditioned, competitive 
cross-country runners. Their PR (cu- 
mulative season-average rank of finish 
within team placement) is shown in the 
first column of the Table. The next two 
columns of the Table list their age and 
weight at the time of testing. The final 
five columns of the Table list the sub- 
jects’ respective Vo,max and four pa- 
rameters of AT. Note that runners 
with a PR of 1 and 2 had the highest 
Vo,max. However, Vo,max was more 
randomly distributed in runners with 
a PR from 3 to 10. Anaerobic threshold 
expressed as % ET and % MHR has a 
more ordered progression of values 
compared with descending PR. This is 
confirmed as follows: 


Parameter KRCC 

AT: % ET P=.005 

AT: % MHR P=.005 

Vomax P=.05 

AT % Vo, P=.10 

AT: aVo,AT Not 
significant 


Maximum oxygen consumption com- 
pared with PR was significant at the 
P=.05 level. It was exceeded by AT 
expressed at % ET and % MHR at the 
P=.005 level. Anaerobic threshold ex- 
pressed as the conventional % Vo,max 
was less significant at P=.10 and 
not statistically significant when ex- 
pressed as aVo,AT. Thus, AT ex- 
pressed as % ET and % MHR appears 
to be the most discriminative predictor 
of PR in this group of subjects. 


AJDC—Vol 140, Sept 1986 


COMMENT 


The developmental characteristics 
of human response to exercise have 
been studied for almost 50 years.** The 
professionalization of international 
sports has stimulated enormous inter- 
est in exercise physiology and sports 
medicine. The concept of sports par- 
ticipation solely with the goal of win- 
ning has permeated from professional 
sports to competitive amateur ath- 
letics at all ages. The scope of pediatric 
exercise physiology has thus been 
broadened from characterizing exer- 
cise responses in normal and compro- 
mised children to studying responses 
in newly emerging elite childhood azh- 
letes. 

Traditionally, Vomax was consid- 
ered the best index of aerobic fitness 
and a reliable predictor of performarce 
in adult endurance athletics. However, 
distance-event times decreased strik- 
ingly from 1950 to 1970 compared wich 
1930 to 1950.° The Vo,max of the later 
athletes did not show a significant ccn- 
comitant increase.” Enhanced eff- 
ciency of performance and differences 
in anaerobic metabolism”” are two 
alternative explanations for improved 
endurance performances. Anaerobic 
threshold can be increased by condi- 
tioning in adults,” which may in part 
be secondary to genetic and acquired 
alteration in skeletal muscle en- 
zymes.“ Recent work in adult elite 
athletes suggests that the AT””® or 
plasma lactate level” is highly predie- 
tive of performance. 

The elite childhood athlete remaizs 


less well characterized. Numerous re- 
ports suggest that conditioning does 
little to increase Vo,max."™ Kobaya- 
shi et al” noted a conditioning effect 
beginning one year prior to peak 
growth. This finding suggests that the 
metabolic endocrine alterations of pu- 
berty are necessary for Vo,max condi- 
tioning responses as seen in the adult. 
As in adults, Vo,max is not felt to be 
predictive of performance in elite 
childhood athletes.” This same study 
suggested that anaerobic capacity and 
running economy were more predic- 
tive of PR than Vo,max. Our study did 
show Vo,max to be significantly pre- 
dictive (P=.05) but not as predictive 
as AT expressed as % ET or % MHR 
(P = .005). 

Anaerobic response to childhood ex- 
ercise remains poorly characterized. 
While aerobic capacities of children 
may be roughly equivalent to those of 
adults, anaerobic capacity is felt to be 
substantially less in children.*” An- 
aerobic threshold expressed as % 
Vo,max is consistent throughout child- 
hood and is slightly higher than that of 
adults. However, AT and serum lac- 
tate levels, which are higher in elite 
childhood athletes than in children 
with lower PR, are predictive of 
PR.** Despite recent criticisms re- 
garding the determination and appli- 
cation of AT,” it remains an easily 
measured and reproducible method for 
evaluation of exercise performance in 
children and adults.” 

The differences between our study 
and those in the literature demon- 
strate the difficulties of developmental 
exercise physiology. Mayers and 
Gutin® evaluated eight prepubertal 
boys. Our group was composed of ten 
prepubertal girls. Female endurance 
athletes of this age have been noted to 
have higher serum lactate levels at 
voluntary maximum effort than male 
athletes. In both studies, however, 
comparable observations were made 
regarding AT. As in adult athletes, 
anaerobic threshold is more predictive 
of PR than Vo,max. 

Anaerobic threshold was expressed 
four ways in the present study. It was 
highly predictive (P=.005) when ex- 
pressed as % ET or % MHR. This 
implies that the later AT is reached ina 
standard, progressive, graded exer- 
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cise protocol, the more likely the sub- 
ject is to perform well in an endurance 
event. 

Absolute Vo, at AT (aVo,AT) was 
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Articles 


The Dilemma of the Multicystic Dysplastic Kidney 


Gary E. Hartman, MD; Lynn M. Smolik, MD; Stephen J. Shochat, MD 


è Multicystic dysplastic kidney is the 
most frequent cause of an abdominal 
mass in the neonate, but controversy 
continues as to the optimal management 
of these lesions, since little is known 
about their natural history. Experience 
with two complicated cases and a review 
of reports of retained multicystic dys- 
plastic kidneys suggest that such le- 
sions pose a significant risk to their 
hosts. Malignancy, reversible hyperten- 
sion, pain, and mass effect have been 
associated with retained lesions. Infec- 
tion is another potential hazard that is 
frequently cited but poorly documented 
in the literature. In light of the currently 
low morbidity and mortality associated 
with operation and anesthesia in the 
neonatal period, resection appears to be 
the treatment of choice for the neonate 
with a multicystic dysplastic kidney. 

(AJDC 1986;140:925-928) 


MUlticystic dysplastic kidney repre- 

sents the most common cause of 
an abdominal mass in the neonatal 
period.’ Differentiation from a hydro- 
nephrotic kidney has become increas- 
ingly accurate due to improvements in 


For editorial comment see page 865. 


ultrasonographic and radionucleotide 
imaging.*® Since this accuracy has re- 
duced the frequency of diagnostic ex- 
ploration, many authors have sug- 
gested a nonoperative approach to the 
asymptomatic patient. However, wide- 
spread adoption of a nonoperative ap- 
proach should be based on knowledge 
of the natural history of retained mul- 
ticystic dysplastic kidneys. Histor- 
ically, the majority of reported multi- 
cystic dysplastic kidneys have been 
diagnosed and removed during in- 
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fancy. Knowledge of the natural his- 
tory of these lesions is therefore lim- 
ited to those lesions discovered later in 
life due to the development of symp- 
toms or during the investigation of 
other conditions. Two complicated ex- 
amples of multieystic dysplastic kid- 
ney are reported, and the current lizer- 
ature is reviewed in an attemp? to 
clarify the potential risks to patients 
who harbor a multicystic dysplestic 
kidney. 


PATIENT REPORTS 


PATIENT 1.—A 4-year-old girl with eon- 
genital hydrocephalus and severe develop- 
mental delay was evaluated by her pediztri- 
cian for cough and wheezing. Examinezion 
revealed a large abdominal mass in the left 
upper quadrant. Chest and abdominal 
x-ray films revealed no evidence of meta- 
static disease and confirmed the presence 
of an upper abdominal mass displacing the 
stomach and colon anteriorly. Intravenous 
pyelography demonstrated a nonfunction- 
ing left kidney, and abdominal ultrasound 
revealed a complex mass in the left flank, 
with no involvement of the right kidney or 
vena cava. 

Exploration revealed a large mass 
(14 x 13 x 8 cm) in the left renal bed that was 
adherent to the pancreas and spleen and 
was associated with an atretic ureter. Total 
gross resection was accomplished, with 
preservation of the spleen and pancreas. 

Pathologic examination revealed a W_ms’ 
tumor of favorable histology arising in a 
multicystic dysplastic kidney. In many 
areas of the specimen, the benign cystic 
elements merged with malignant struc- 
tures of striking similarity. Some of the 
cystic structures appeared to contain >oth 
benign and malignant areas (Figure). The 
ureteral atresia was confirmed, and tzere 
was no evidence of identifiable renal paren- 
chyma. The child had an uneventful postop- 
erative course. Her stage II Wilms’ tumor 
was treated with vincristine sulfate, dac- 
tinomycin, doxorubicin hydrochloride, and 
3500 rad (35 Gy) te the left hemiabdomen. 
It has now been four years since the resec- 
tion with no evidence of disease. 
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PaTIENT 2.—A 3-month-old girl was 
noted to have a large cystic left kidney on 
prenatal ultrasound. At birth, the mass 
was easily palpated, but she appeared 
healthy, and no other abnormalities were 
noted. At 3 days of age, she developed 
fulminant staphylococcal sepsis that re- 
quired prolonged hospitalization, including 
exchange transfusion. At 3 months of age 
she was referred to the Stanford Univer- 
sity Medical Center, Stanford, Calif, for 
evaluation of the left renal abnormality. 

Examination at that time revealed a 
healthy-appearing girl with no palpable 
abdominal mass. The ultrasonographic ap- 
pearance was most consistent with multi- 
cystic dysplastic kidney, though hydro- 
nephrosis was not confidently excluded. 
Intravenous pyelography and renal nuclear 
sean (technetium Tc 99m with pentetic 
acid) revealed no function of the left kidney. 
Exploration revealed a small left multi- 
cystic dysplastic kidney with dense adhe- 
sions in the retroperitoneal space. Cultures 
of the cyst fluid yielded Aspergillus species 
but no bacteria. 

Pathologic examination revealed a 
4.3x2x1.8-cm irregular mass containing 
multiple cysts. There was no gross evi- 
dence of normal kidney architecture. Mi- 
croscopic inspection showed large, thin- 
walled cysts lined by benign flattened 
epithelium and multiple cystically dilated 
ducts lined by tall cuboidal or columnar 
epithelium that frequently had concentric 
fibromuscular cuffs. There was much loose 
mesenchymal tissue and a focal area of 
rudimentary glomerulus formation, meta- 
plastic cartilage, and primitive tubules. 
These typical features of multicystic dys- 
plasia were superimposed on an intense 
fibrotic reaction, but no inflammatory infil- 
trate was seen. She is well two years follow- 
ing resection. 


COMMENT 


Unilateral multicystic dysplastic 
kidney represents one segment of the 
spectrum of renal dysplasia. Autopsy 
series have shown the bilateral form to 
be more common but incompatible 
with survival.** In the unilateral form, 
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the resultant mass is usually large and 
easily palpable in the newborn. How- 
ever, extremely small nonpalpable 
multicystic displastic kidneys have 
been reported that have been mistaken 
for examples of renal agenesis. From 
the available literature, it is unclear 
whether the very small variant repre- 
sents a separate entity. While the 
pathogenesis and prognosis of the two 
variants may be identical, it is the 
palpable mass identified in the neo- 
natal period that has generated the 
therapeutic controversy and is the 
topic of this discussion. 

Grossly, a cystic dysplastic kidney is 
composed of a disorderly mass of cysts 
with no identifiable renal parenchyma. 
Atresia or hypoplasia of the ureter and 
renal pelvis are considered universal 
findings,’ though cases have been re- 
ported with an intact ureter or pelvis, 
such as the “hydronephrotic” type of 
multicystic dysplastic kidney.* The ar- 
terial supply is absent or diminutive. 
While controversy exists regarding 
the pathogenesis, the common theme 
is that of an altered relationship be- 
tween the ureteric bud and the meta- 
nephric blastema that results in pel- 
voinfundibular atresia and disordered 
nephrogenesis.*° The contribution of 
the obstruction of urine flow to the 
ultimate histologic picture is unclear. 

Microscopically, the lesion is charac- 
terized by conglomerates of disor- 
ganized epithelial structures (primi- 
tive ducts), abundant mesenchymal 
stroma (metaplastic cartilage), and the 
absence of mature intact nephrons. 
Primitive glomeruli, ductules, and tu- 
bules are present and may account for 
the occasional evidence of delayed re- 
nal function or the reversible hyper- 
tension associated with elevated 
plasma renin activity. 

The clinical presentation in the uni- 
lateral form of total renal dysplasia 
(multicystic dysplastic kidney) is de- 
pendent on the size of the mass, pres- 
ence of associated anomalies, or devel- 
opment of related symptoms.’ The 
majority present as asymptomatic 
masses in the neonatal period. While 
life-threatening respiratory distress 
and severe hypertension have been 
reported in newborns, such symptoms 
are rare.” Approximately 30% of the 
neonatal cases have been discovered 
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Wilms tumor arising in multicystic dysplastic kidney (patient 1). Benign cluster of irregular 
cysts, with flat cuboidal epithelium merging with malignant cystic structures. Some cysts 
appear to contain both benign and malignant elements (hematoxylin-eosin, original 


magnification x 100). 


due to symptoms of associated con- 
genital anomalies. Gastrointestinal 
(esophageal atresia) and cardiac anom- 
alies are very frequent in some series 
and are the most common non-urinary 
tract malformations. It is estimated 
that 80% or greater of multicystic dys- 
plastic kidneys are diagnosed by 2 
years of age. Recently, an increasing 
number of diagnoses have been made 
by prenatal ultrasound, and some of 
these patients may have neither symp- 
toms nor a palpable mass. Abnormali- 
ties of the contralateral kidney are 
common and may lead to discovery of 
the multicystic kidney.” 

In the past, the neonatal diagnosis of 
multicystie dysplastic kidney was sus- 
pected by the combination of physical 
examination, transillumination, and a 
nonfunctioning kidney on intravenous 
pyelography. Retrograde pyelography 
and angiography were employed, but 
definitive diagnosis usually required 
operative exploration. Recent ad- 
vances in ultrasonographic and radi- 
onucleotide imaging have produced 
diagnostic accuracy rates exceeding 
90%, and these studies have become 
the standards of current diagnosis.” 
The most common diagnostic errors 
are due to multicystic kidneys with 
delayed function on nuclear scan or 


ultrasonographic images  indistin- 
guishable from hydronephrosis. 

Due to the recent advances in cur- 
rent imaging techniques, the majority 
of infants and children present with a 
reasonably secure diagnosis and no 
symptoms referable to their mass. 
Many authors have questioned the ne- 
cessity of resection in this clinical set- 
ting. In a survey by Bloom and Bros- 
man” of 186 urologists who treat 
children, 75% of the respondents were 
confident of the noninvasive diagnosis, 
and 44% felt that exploration was not 
necessary. To adopt a nonoperative 
course requires some estimate of the 
risk involved in retaining a multicystic 
kidney. The currently available data 
regarding the natural history of these 
lesions are scarce. Thirty-one patients 
with a multicystic dysplastic kidney 
identified beyond infancy have been 
described. Symptoms prompting in- 
vestigation in this group included ab- 
dominal mass, pain, hypertension, and 
urinary tract infection. Several le- 
sions were discovered as an incidental 
finding later in life or at autopsy. The 
presumed complications that have 
been attributed to multicystic dys- 
plastic kidneys include malignancy, in- 
fection, initial misdiagnosis, hyper- 
tension, and pain. 
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Malignancy 


The tumor in our first patient repre- 
sents the second Wilms tumor and the 
fifth well-documented malignant neo- 
plasm in a previously undiagnosed 
multicystie dysplastic kidney. Raffen- 
sperger and Abousleiman’ reported a 
4 x 4-cm Wilms’ tumor in the periphery 
of a multicystic kidney that was re- 
moved at 10 months of age. Since 1980, 
three cases of renal cell carcinoma have 
been reported in female patients aged 
15, 26, and 68 years.” Two of these 
patients presented with metastatic 
disease, and the two younger patients 
are remarkable for a malignant neo- 
plasm that generally presents in the 
sixth decade of life. 

It is difficult to monitor a multicystic 
dysplastic kidney for malignant 
change. In the older patient, its retro- 
peritoneal location precludes physical 
detection of a small mass. The ureteral 
atresia eliminates urine cytology as a 
reliable surveillance method. Early 
detection of malignant change rests 
with some form of imaging capable of 
detecting small masses within a com- 
plex image. Magnetic resonance imag- 
ing may possess such sensitivity in the 
future. 

The concept that a dysplastic organ 
may have a significantly increased 
likelihood of malignancy has precedent 
in the genitourinary tract in the in- 
stance of cryptorchidism and testic- 
ular neoplasms.” The recent reports of 
malignant neoplasms arising in multi- 
cystic dysplastic kidneys combined with 
the difficulty in detecting early malig- 
nant changes should be considered 
when making therapeutic decisions. 


infection 


Infection is a symptom commonly 
attributed to multicystic dysplastic 
kidney, though bacteriologic and path- 
ologic confirmation is scarce. In our 
second patient, the dramatic change in 
the size of her mass and the dense 
adhesions suggest involvement of the 
dysplastic kidney in the neonatal sep- 
tic episode. The inability to identify an 
inflammatory infiltrate or the offend- 
ing bacteria in the specimen argues for 
either total resolution of the septic 
process or a coincidental occurrence. 
While urinary tract infection may lead 
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to detection of a multicystic kidney, 
many of these patients have obstruc- 
tive anomalies of the contralateral sys- 
tem.” In an autopsy series, Risdon” 
was unable to document evidence of 
pyelonephritis in any case of total renal 
dysplasia. He speculated that the 
ureteral atresia offered protection 
from ascending infection. While the 
risk of infection is frequently cite as 
an indication for resection, the evi- 
dence for involvement of a multicystic 
dysplastic kidney by infection is cir- 
cumstantial, as demonstrated by our 
second patient. 


Misdiagnosis 


Twenty-five percent of Bloom and 
Brosman’s” respondents reported a 
misdiagnosis when exploring patients 
with a presumed multicystic cys- 
plastic kidney. Seventeen of these mis- 
diagnoses involved hydronephrotic 
kidneys, and three were Wilms’ tu- 
mors. The types of diagnostic studies 
employed and the true incidence of 
misdiagnosis were not identifed. 
Stuck et al” outlined specific ulsra- 
sonographic criteria with a diagnostic 
accuracy of 93%. Wood and col- 
leagues” and Beretsky and col- 
leagues” and others have reported dif- 
ficulties in distinguishing some cases 
of hydronephrosis from multicystic 
dysplasia. To date, the reported errors 
have all led to exploration. The ability 
of current imaging techniques to dis- 
tinguish multicystic dysplasia from a 
cystic tumor is uncertain. While euch 
tumors are rare, they are not unheard 
of in the neonatal period. 


Hypertension 


Hypertension -was attributec to 
multicystic dysplastic kidney by 16% of 
Bloom and Brosman’s” respondents 
and was present in four of Ambrose 
and colleagues” 27 older patients. Of 
the nine well-documented cases, the 
hypertension resolved following resec- 
tion in three patients aged 3 weeks, 6 
years, and 21 years.””*” The newborn 
described by Chen and associates” had 
elevated plasma renin activity, pre- 


sumably originating from the more 


mature elements of the multicystic 
kidney. The six patients with unre- 
solved hypertension ranged in age 
from 12 to 70 years. The role of the 
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multicystic dysplastic kidney in those 
patients with unresolved hypertension 
is unknown. 


Pain 


Abdominal or flank pain was the 
presenting complaint in 14 of 27 older 
patients described by Ambrose et al.” 
Many of these patients had associated 
masses, and most reported relief of the 
pain following resection. 


CONCLUSION 


The treatment of many patients with 
multicystic dysplastic kidneys is 
straightforward. Exploration and re- 
section are indicated when the diag- 
nosis is uncertain, the patient is symp- 
tomatic, or laparotomy is required for 
an associated anomaly. The manage- 
ment of the asymptomatic patient is 
controversial and involves an assess- 
ment of the relative risks of operative 
and nonoperative management. Ten 
percent of the Bloom and Brosman” 
respondents reported operative com- 
plications. However, recent series of 
pyeloplasty for ureteropelvic junction 
obstruction in infancy have reported 
very low morbidity.”” Since most of 
the complications were directly re- 
lated to the pyeloplasty, the morbidity 
associated with removing a multicystic 
dysplastic kidney should be negligible. 
Refinements in the delivery of anes- 
thesia have reduced the mortality rate 
of general anesthesia to an estimated 
one in 7000 healthy infants.” 

Since serious complications such as 
malignancy and reversible hyperten- 
sion have been associated with re- 
tained multicystic dysplastic kidneys, 
removal of such lesions should lower 
the risk to the otherwise healthy pa- 
tient if appropriate surgical and anes- 
thetic facilities are available. In the 
rare event that a decision is made to 
leave a multicystic dysplastic kidney in 
situ, it is clear that careful lifelong 
surveillance of that patient is manda- 


tory. 


The Figure was provided by John Summerville, 
MD. The authors gratefully acknowledge the 
editorial assistance of Deborah Mayflick. 
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Nutritional Support of Very-Low-Birth-Weight 
Infants Requiring Prolonged 


Assisted Ventilation 


Laurie Moyer-Mileur, MD, RD, Gary M. Chan, MD 


è We studied the influence of nutri- 
tional support on weight loss and time to 
regain birth weight (BW) (<1500 g) 
in infants requiring prolonged assisted 
ventilation. A total of 134 infants admit- 
ted between 1980 and 1982 were re- 
viewed. Birth weight, gestational age, 
lowest recorded daily weight and per- 
centage of loss, days to recover BW, 
energy intake, and nutrient source dur- 
ing the BW-recovery period were deter- 
mined. A decrease in weight loss (13% to 
10%) and in mean (+SD) recovery time 
(20.9+7.3 days to 13.8+6.4 days) in 
very-low-birth-weight, critically ill in- 
fants was noted. The use of parenteral 
feeding routes increased, as well as tol- 
erance of initial enteral feedings follow- 
ing parenteral support. We attribute the 
decreased convalescence period for BW 
recovery to improved nutrition second- 
ary to the increased use and earlier ini- 
tiation of parenteral nutrition. 

(AJDC 1986;140:929-932) 


(zuidelines for acceptable weight loss 

and recovery of birth weight (BW) 
for the preterm, low-birth-weight 
(<2500-g) infant have been based on 
those established for the healthy full- 
term neonate.’ The very-low-birth- 
weight (VLBW) (<1500-g) infant is 
vulnerable to poor nutrition not only 
because of limited nutrient stores and 
minimal enteral intakes but also be- 
cause of additional stress secondary to 
prematurity and metabolic complica- 
tions. These smaller preterm infants 
often experience greater relative 
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weight loss and BW-recovery time.’ 

Enteral feeding may be limited or 
contraindicated as a means of nutri- 
tional support. Parenteral nutrition 
(PN) (dextrose, casein hydrolysate, 
and soybean emulsion) has been shown 
to achieve positive nitrogen balanee in 
infants*® and is an increasingly ac- 
cepted method. Use of PN in preterm 
infants with respiratory distress syn- 
drome resulted in increased erargy 
intake and higher serum protein val- 
ues when compared with similar in- 
fants who only received intravenous 
(IV) infusions of dextrose.°® Gastriz-fed 
infants (BW <1300 g) supplemented 
with PN (3.5% fibrin hydrolysate and 
10% dextrose) regained BW sconer 
than infants supplemented with 10% 
dextrose.’ Changes in feeding proto- 
cols and the increased use of PN led us 
to question the impact, if any, on criti- 
eally ill preterm infants. 


PATIENTS AND METHODS 


A three-year retrospective study was 
performed to assess nutritional support of 
critically ill infants with BWs of less than 
1500 g admitted to the newborn intensive 
care unit (ICU), University of Utah Health 
Sciences Center, Salt Lake City, fror Jan 1, 
1980, to Dec 31, 1982. Severity of the infant’s 
medical condition was determined by the 
length of time the infant required assisted 
ventilation. We arbitrarily selected those 
infants requiring more than six days of 
ventilator support as having increased risk 
for nutrient deprivation. Medical and nu- 
trient intake records of 247 infan=s with 
BWs of less than 1500 g were reviewed for 
the following: BW, gestational age dy Du- 
bowitz scoring scale," number of dzys the 
assisted ventilation was required, lowest 
recorded daily weight and percentage of 
loss (BW = [lowest weight/BW] x 100), days 
required to recover BW, and energy intake 


and nutrient source during the BW-recov- 
ery period. The nutritional status of all 
infants was determined by our neonatal 
nutritionist. Weight and length were re- 
corded by the nursing staff. 

A total of 134 infants met the criteria for 
our study. The study population was di- 
vided by year of admission (1980, n= 46; 
1981, n= 48; and 1982, n=40) with further 
breakdown by BW, ie, 501 to 1000 g, 1001 to 
1250 g, and 1251 to 1500 g, and by nutrient 
source during the period of BW recovery. 
The following nutrient classifications were 
assigned: (1) PN, central or peripheral ad- 
ministration; (2) combined feeding, PN or 
IV dextrose infusion with enteral feedings 
(one third of the total daily energy intake 
contributed by PN or IV dextrose infu- 
sion); and (8) enteral feeding. Statistical 
analysis in comparing all groups was per- 
formed using analysis of variance 
(ANOVA). If ANOVA revealed a difference 
among the groups, then Student's ¢ test or 
x’ analysis was done to compare the data 
between the groups. 


RESULTS 


Gestational age and BW did not dif- 
fer between 1980 and 1982 for the en- 
tire study group (ANOVA, P>.05) 
(Table 1). However, when classified by 
feeding mode the infants who received 
enteral feedings were of greater gesta- 
tional age and BW than those receiv- 
ing PN or a combined feeding for the 
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Birth Gestational 
Year n Weight, g Age, wk 


1980 46 
1981 48 
1982 40 


1102+211 
1018+210 
1108 +172 


28.9+1.3 
28.4+1.4 
28.9+1.1 





*Values expressed as mean + SD. 
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Fig 1.—Percentage of weight loss decreased from 1980 (13%) to 1982 (10%) for total 
population. Decreases were also observed with further breakdown by birth weight with 
Statistica! significance found for infants weighing less than 1000 g at birth. Single asterisk 
indicates P<.001, 1982 vs 1980. 
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Combined feeding 





30.3+ 1.0f | 










Enteral feeding 30.0 + 1.0t 

MNES RRA OP EE E E 
Parenteral nutrition 1039+212 919 +252 1055 + 227 
Combined feeding 1082+212 1085 + 160 1161 + 162§ 
Enteral feeding 1250 + 245+ 1223 + 186+ | 





*Values expressed as mean+SD. 

tP<.05, enteral feeding vs parenteral nutrition or combined feeding. 

+P<.05, enteral feeding vs parenteral nutrition (1980, 1981) and combined feeding (1982). 
§P<.05, combined feeding vs parenteral nutrition. 

\|Not significant (only two patients). 
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Use of PN, %* 75 99 100 
Day of life when PN was 


initiated, mean+SD 8.2+1.3 4.2+0.5 2.9+0.1¢ 
No. of days PN used, mean + SD 16.7+6.0 20.6+5.2 20.6 + 1.9} 
Lipid emulsion, % 35 95 95 


*Includes all infants who received either total or partial PN during this period. 
tP<.001, 1982 vs 1980. 
$P<.05, 1982 vs 1980. 
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year 1980 or 1981 (P<.05, Student’s 
t test) (Table 2). 

In 1982 the mean percentage of 
weight loss decreased in comparison 
with the previous two years (10% + 3% 
in 1982 compared with 13% + 7% in 1980 
and in 1981; ANOVA, P<.05) (Fig 1). 
This loss may reflect the dramatic 
decline in the percentage observed for 
infants with BWs of less than 1000 g in 
1980 as compared with their weight in 
1982 (15% + 10% to 11% + 8%, Student’s 
t test, P<.001) (Fig 1). Infants with 
BWs of greater than 1000 g did not 
have any significant change in weight 
loss during the study. 

The mean (+SD) number of days 
required to regain BW decreased in 
the infants with BWs of less than 
1000 g in 1980 compared with their 
recovery in 1982 (24.0+6.0 days vs 
13.5+5.0 days, respectively; Student’s 
t test, P<.001) (Fig 2). By 1982 their 
recovery time was similar to that of the 
larger VLBW infants. There was also 
a significant decrease in recovery time 
required for infants with BWs be- 
tween 1251 and 1500 g from 1980 to 1982 
(17+7 days in 1980, 20.0+8 days in 
1981, and 12.9+0.3 days in 1982; 
ANOVA, P<.05). Overall, BW-recov- 
ery time decreased from 20.6+3.0 
days in 1980 to 14.5+1.4 days in 1982. 

In an effort to better understand the 
decreases found in weight loss and 
time required to regain BW, further 
analysis of nutrient sources was per- 
formed (Table 3). The use of PN oc- 
curred earlier and was used longer in 
1982 than in 1980 (2.9+0.1 days vs 
8.2+1.3 days [P<.001] and 20.6+1.9 
days vs 16.7+6.0 days [P<.05], by 
Student's ¢ test). Birth weight recov- 
ery and feeding method were also com- 
pared (Table 4). Both PN and com- 
bined feeding methods showed a 
decrease in total days in BW recovery 
during the study (PN, 23.8+9.9 days 
to 13.3+5.8 days; combined feeding, 
19.7+7.6 days vs 15.1+3.5 days; 
ANOVA, P<.001). 

Neither average daily energy intake 
nor fluid volume during the BW-recov- 
ery period differed during the three- 
year period (Table 5). Statistical analy- 
sis of energy/nutrient intake between 
different feeding modes, ie, PN vs 
combined feeding vs enteral feeding 
only, was not performed because the 
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energy/nutrient requirements of par- 
enteral/enteral feeding routes are in- 
fluenced by different mechanisms of 
absorption and metabolism.*” 
Initiation of enteral feedings was 
delayed over the three-year period 
(Table 6). Tolerance increased dramat- 
ically from 1980 (27 of 46 patients, or 
56%) to 1981 (41 of 48 patients, or 85%; 
x analysis, P<.001) and remained at 
this level in 1982 (Table 6). Tolerance 
was defined as absence of residuals, 
abdominal distention, or guaiac-reduc- 
ing-substance—positive stools. No 
change in the prevalence of necrotizing 
enterocolitis (2% of total population) 
was noted. Infants with BWs of less 
than 1250 g experienced a dramatic 
increase in tolerance from 1980 to 1982 
(nine of 17 patients, or 50%, to ten of 11 
patients, or 91% [BW<1000 g]; six of 15 
patients, or 40%, to 14 of 16 patients, or 
89% [BW from 1001 to 1250 g]; x’ analy- 
sis, P<.001) (Fig 3). Tolerance did not 
change for infants with BWs of less 
than 1251 g for the three-year period. 


COMMENT 


We have attempted to assess, by 
weight loss and recovery time, the 
nutritional status of the VLBW, criti- 
cally ill preterm infant admitted to our 
newborn ICU over the past three 
years. We have found an overall 
decrease in the percentage of weight 
loss (18% to 10%) and recovery time 
(20.6+3.0 days to 14.5+1.4 days) for 
VLBW infants from 1980 to 1982. For 
all three years, infants with BWs of 
less than 1000 g continued to show 
greater decreases from BW than did 
infants with BWs between 1001 and 
1500 g; the effect of BW was possibly 
secondary to severe immaturity, ill- 
ness, and increased extracellular fluid 
losses. However, BW-recovery time 
improved for infants with BWs of less 
than 1000 g over the three-year period 
(24.0+6.0 days in 1980 to 13.5+5 days 
in 1982). Although the relative weight 
loss was slightly greater for the infants 
with BWs of less than 1000 g, the 
recovery time was comparable for all 
infants with BWs of less than 1500 g 
within their respective year and de- 
creased from 1980 to 1982. This finding 
reflects the earlier initiation and in- 
creased use of either total or partial 
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Fig 2.—Number of days required to regain birth weight (BW) decreased from 1980 
(20.9+7.3 days) to 1982 (13.8 +6.4 days) for total population. Significant decreases were 
also observed in infants with BWs of less than 1000 g and in those with BWs from 1251 to 
1500 g. Single asterisk indicates P<.001, 1982 vs 1980; double asterisk, P<.05, 1982 vs 
1980 and 1981. 
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*Values indicate day of life and are expressed as the mean + SD. 
tP<.001, 1982 vs 1980 and 1981. 
\|Not significant (only two patients). 
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Daily Intake 


Energy, kcal (kJ)/kg of 82.3=1.2 78.3+5.8 
birth weight (345.7 + 5.0) (331.0+ 30.7) (328.9 + 24.4) 


Fluid, mL/kg of birth weight 157.7+5.3 159.2+6.7 160.9+1.8 


Day of life when enteral feeding 
was initiated, mean + SD 14.2+3.9 18.0+4.7 16.8 + 1.4* 


Tolerance, % (fraction)t 56 (27/46) 85 (41/48) 87.5 (35/40) 


*P<.05, 1982 vs 1980. ! 
tPercentage of study infants who tolerated first enteral feeding and continued advancement. 
+P<.001, 1982 vs 1980. 
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Fig 3.—Tolerance of enteral feedings increased from 1980 to 1982 (59% to 87.5%, 
respectively) and most dramatically for all infants with birth weights of less than 1250 g. 


PN seen in our newborn ICU (Table 3). 
This finding is supported by the 
change seen in BW-recovery time 
when compared with feeding method 
(Table 4). Infants who received only 
PN had a decreased BW-recovery time 
from 23.8+9.9 days in 1980 to 
13.3+5.8 days in 1982, while infants 
who received combined or enteral 
feeding experienced no change. Al- 
though energy intake per kilogram of 
body weight remained relatively con- 
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stant, it is important to realize that 
parenteral energy needs are 20% less 
than those provided enterally because 
malabsorptive factors are circum- 
vented in parenteral feedings. 

A trend to delay initiation of enteral 
feedings was observed over the three- 
year period (14.2+3.9 days to 
16.8+1.4 days, 1980 vs 1982; P<.05) 
with a positive increase in enteral 
feeding tolerance for infants with BWs 
of less than 1250 g (between 40% and 
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50% to 90%; 1980 vs 1982) (Fig 3). 
However, an increase in feeding toler- 
ance did not occur in infants with BWs 
greater than 1250 g and remained at 
approximately 82% (Fig 3). Weight 
loss and BW recovery were signifi- 
cantly decreased and can be used as a 
positive argument for the use of PN in 
infants with BWs greater than 1250 g. 

Mean energy intake from PN 
feedings was approximately 73 kcal 
(306.6 kJ)/kg/d from 1980 to 1982. 
Maintenance energy needs for par- 
enterally fed infants was 60 kcal 
(252 kJ)/kg/d.° It is hypothesized that 
the use of PN in these infants provided 
sufficient nutrients and energy to al- 
low the gastrointestinal system time 
to recover from any initial traumatic 
insults and to experience additional 
maturation prior to challenging the 
gastrointestinal tract with enteral 
feedings. 

We have shown a decrease in per- 
centage of weight loss and amount of 
time required for recovery of BW for 
critically ill infants with BWs of less 
than 1500 g. Tolerance of enteral feed- 
ings following parenteral support was 
also increased. We attribute the de- 
creased convalescence period from 
weight loss to the improved nutritional 
support secondary to the increased 
use and earlier initiation of PN for 
infants weighing less than 1500 g and 
requiring assisted ventilation for more 
than six days. 
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Nutrient Intake by Breast-fed Infants 
During the First Five Days After Birth 


Clare E. Casey, PhD; Marianne R. Neifert, MD; Joy M. Seacat, MS; Margaret C. Neville, PhD 


è The intakes of milk and specific 
nutrients during the first 120 hours af- 
ter birth were measured in 11 full-term, 
breast-fed infants. Infants were test 
weighed at all feeds using an electronic 
balance, and milk samples were obtained 
from both breasts one to three times daily. 
Milk was analyzed for levels of fat, protein, 
lactose, calcium, sodium, and potassium; 
energy content was calculated using the 
Atwater factors. The average (+SD) in- 
take of milk in the first 24 hours after birth 
was 13+16 g/kg (range, 3 to 32 g/kg), 
increasing to 98 + 47 g/kg (50 to 163 g/kg) 
and 155 + 29 g/kg (110 to 196 g/kg) on days 
3 and 5, respectively. Mean daily intakes of 
energy, lactose, calcium, and potassium 
were less than 12% of the mean day 5 
intake on day 1 and less than 25% of the 
day 5 intake on day 2. In the first few days 
after birth, the nutrient intake of the solely 
breast-fed infant is highly variable and is 
frequently low. 

(AJDC 1986;140:933-936) 


Ver early initiation of breast-feed- 

ing, without routine supplementa- 
tion, is now widely advocated for full- 
term, healthy infants.” The immu- 
nologic benefits of such colostrum 
feedings have been addressed in a 
number of recent reports,** but the 
nutritional contributions have rarely 
been measured. Reported®’ nutrient 
intakes of older breast-fed infants 2 to 
4 weeks of age are not necessarily 
applicable to the neonate because both 
the concentrations of most nutrients 
and the volumes of milk produced 
change rapidly during the early 
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postpartum period.*” For these rea- 
sons also, to estimate nutrient inzake 
it is necessary to measure both volume 
and milk composition in the same :ndi- 
vidual to accurately estimate nutrient 
intake. The single previous study re- 
ported volume and energy intakes by 
nine full-term breast-fed Australian 
infants.” We report here the intakes of 
milk, energy, and some selected nuatri- 
ents (protein, lactose, calcium, so- 
dium, and potassium) in a group of 11 
healthy, breast-fed infants in the first 
five days after birth. Since the term 
colostrum is not well defined in the 
human we have not used it here but 
have rather used “milk” to include all 
secretions obtained from the breast 
after the birth of the infant. 


PATIENTS AND METHODS 
Patients 


Eleven mothers agreed to take part in this 
study, which was approved by the Human 
Subjects Committee of the Univers.ty of 
Colorado Health Sciences Center, Denver. 
All were middle-class, healthy women who 
were apparently well nourished anc were 
nonsmokers. The mothers were aged be- 
tween 26 and 39 years (mean age, 32 years), 
with an average parity of 2.5 (range, = to 5). 
All had previously successfully breast-fed at 
least one child. The present pregnaney had 
been uncomplicated and resulted in delivery 
of a healthy singleton at term. The abies 
were put to the breast within two hours of 
birth and received only breast milk in the 
period reported here, except for two infants 
who were offered water or glucose water, 
after breast feeds, a total of three and six 
times, respectively, in the first five days. The 
mean (+ SD) birth weight of the 11 infants, 
seven girls and four boys, was 3.25 + 0.42 kg. 
By day 5, the average naked weight was 
3.15+0.39 kg, the difference from birth 
weight being between —230 and -130 g. 
One of the study personnel, who was a 
lactation consultant, met with each mother 
to initiate the test weighing and answer any 


questions. All of the mothers left the hospital 
within 36 hours of delivery but had access to 
the lactation consultant 24 hours a day by 
phone. 


Measurement of Milk Volumes 


To estimate intakes of milk by their in- 
fants, mothers test weighed before and 
after each feed, using an integrating elec- 
tronic balance with a precision of 0.1 g 
(Sartorius model 3862MP6). All mothers 
were able to commence test weighing by 36 
hours post partum. If test weighing was 
missed at any feed in a 24-hour period, the 
data for that subject were excluded from 
that particular time period. No corrections 
were made for specific gravity of milk or for 
insensible water loss by the infant during 
the feeding periods. Based on an insensible 
water loss of 2 g/kg/h,” and no more than 
ten feeds of an average duration of 15 min- 
utes in any 24-hour period, such correction 
for this would increase measured milk in- 
take by no more than 14 g in any 24-hour 
period. 


Daily intakes of milk and energy by breast-fed 
infants in first five days after birth. Each point 
is total (mean+SD) for preceding 24-hour 
period. (For number of subjects at each time, 
see Table.) One kilocalorie is equal to 4.2 kJ. 


Volume, g; Energy, kcal 





Hours After Birth 
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Collection of Milk Samples 


Samples of mammary secretions were 
provided by the mothers at least once daily 
in the first five days post partum. On days 1 
and 2, an electric pump was used to facili- 
tate collection of milk. These early samples 
were not necessarily collected when the 
infants were fed, but rather whenever mea- 
surable volumes of milk could be expressed. 
They usually comprised the total volume 
obtainable in a pumping period of ten min- 
utes per side and were less than 5 mL. Once 
breast engorgement occurred, mothers 
hand-expressed milk (5 mL) directly into a 
prewashed polystyrene vial. Milk was ob- 
tained from both breasts at midfeed: moth- 
ers interrupted the feed two minutes by the 
clock after they had perceived let-down to 
occur or the infant had started to suckle 
vigorously. Subsamples were taken imme- 
diately for fat analysis, and the remainder 
of the milk was stored frozen at — 70°C. In 
the first two to three days, several samples 
were collected within a 24-hour period; 
thereafter, milk was obtained at the mid- 
morning feed. 
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Not all mothers collected samples in the 
intervals requested or completed the test 
weighing in each 24-hour period. 


Analytical Techniques 


Milk samples were thawed and mixed 
thoroughly by vortexing. Fat and lactose 
were analyzed in whole milk; all other as- 
says (protein, calcium, sodium, potassium) 
were done on milk defatted by centrifuga- 
tion at 3900 rpm for 20 minutes. Analytical 
methods, including checks of accuracy and 
precision, have been described in detail 
elsewhere.” Briefly, total lipid was mea- 
sured in fresh milk by crematocrit, cali- 
brated for each technician by the modified 
Folch method. Total protein was measured 
with the bicinchoninic acid (BCA) assay 
(Pierce Chemical Co): copper II is reduced 
by the protein to copper I, which is then 
complexed with bicinchoninic acid. The re- 
sulting purple complex is quantitated spec- 
trophotometrically at 562 nm.“ Lactose 
was analyzed with an analyzer that uses the 
working principle of the enzymatic oxida- 
tion of lactose with lactose oxidase (YSI 





model 23). Calcium was measured by a 
colorimetric procedure, and sodium and 
potassium by ion-selective electrodes. The 
total energy content of milk was calculated 
from the concentrations of fat, protein, and 
lactose, using the modified Atwater factors 
of 9.25 kcal/g (88.85 kJ/g) of fat, 5.65 kcal/g 
(23.73 kJ/g) of protein, and 3.75 kcal/g 
(15.75 kJ/g) of lactose.” 


Analysis of Data 


In the period included in this study, milk 
composition is affected more by time post 
partum than by any diurnal variation, so 
results are presented for 24-hour intervals 
calculated for each infant from the time of 
birth. Milk volumes and calculated intakes 
of nutrients are the cumulative totals from 
all feeds actually occurring in the preceding 
24 hours. A total of 166 individual milk 
samples were analyzed. Individual women 
provided different numbers of milk samples 
(range, zero to six) in each period, so 
average concentrations of nutrients were 
calculated for all samples from each woman 
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within a given 24-hour period, and this 
value was then used, with the volume of 
intake by her infant, to calculate total nu- 
trient intake. Relationships between the 
volume of milk ingested by the infants on 
day 4 (73 to 96 hours after birth) and birth 
weight, weight at day 4, and difference in 
weight between birth and day 4 were ex- 
amined using the Pearson rank-sum test. 
Data manipulation and statistical testing 
were done on a personal computer with use 
of ABSTAT programming. 


RESULTS 


All mothers successfully established 
lactation and practiced exclusive 
breast-feeding for five months or 
more. As shown in the Figure, the 
average milk intake by the infants was 
low in the first 48 hours after birth and 
then increased rapidly up to 96 hours, 
with smaller increases thereafter. The 
mean (+SD) volume ingested on day 1 
was 37+ 43 g, rising to 309+143 g on 
day 3 and 500+120 g on day 5, while 
the average number of feeds was 7, 9, 
and 8 on days 1, 3, and 5, respectively. 
The large SDs, especially on days 3 
and 4, reflect the very wide variation 
in individual intakes, due to the differ- 
ent rates at which milk “came in” 
among the individual women. Varia- 
tion was less by day 5, at which time all 
infants ingested more than 300 g. 

The Table presents, in successive 
24-hour periods from birth, the in- 
takes by the infants of milk, energy, 
protein, lactose, calcium, sodium, and 
potassium. Results are presented as 
the mean (+SD) per kilogram of body 
weight, with minimum and maximum 
values. Values for the first 24 hours 
inelude only three subjects. Two other 
women commenced test weighing 
within 12 hours of delivery but ob- 
tained only negative weight gains in 
the first 24 hours, indicating that the 
insensible weight loss by the infant 
over the duration of the feeds was 
greater than the volume of milk in- 
gested. One of the three infants in- 
cluded in the mean for day 1 had nega- 
tive weight gains at the first two 
weighings, and these were excluded 
from the total. After 24 hours, all 
weight gains were positive. 

The low intakes of milk in the first 24 
to 48 hours resulted in low intakes of 
nutrients. Thereafter, intakes rose 
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rapidly with the increasing volume of 
milk up to 60 to 84 hours, with gener- 
ally smaller increases to 120 hours. 
Because concentrations of these milk 
components were changing at the 
same time as volume (protein and so- 
dium decreasing, lactose and potas- 
sium increasing), increases in totai in- 
take of nutrients are not strictly 
proportional to increases in the volume 
of milk ingested. 

Total energy intake (shown in the 
Figure) followed a pattern of increase 
similar to that for volume: the mean was 
low on day 1 (86 +29 kcal [151+ 122 kJ]) 
and increased rapidly between 48 and 
96 hours (mean on day 8, 218+ 117 «cal 
[916+ 491 kJ]), with a further gradual 
rise to 330+ 87 kcal (1386 + 365 kJ) on 
day 5. Overall, energy intake was 66 
kcal (277 kJ)/100 g of milk. 

The volume of milk ingested on day 4 
did not show any rank correlation with 
birth weight. There was a tendency for 
higher body weights on day 4, and 
larger positive differences between 
birth weight and weight on day 4, to be 
associated with higher milk intake on 
day 4, but the rank correlation coeffi- 
cients did not reach significant values, 
possibly because of the small number 
of subjects (ten). 


COMMENT 


The total volume of milk, and hence 
intake of nutrients, ingested by the 
breast-fed infants was generally low in 
the first 48 to 60 hours after birth. 
After 72 hours, the average intake was 
greater than 300 g/24 h, or more than 
100 g/kg/24 h. The American Academy 
of Pediatrics” suggested that the aver- 
age water requirement of the full-term 
infant is 80 to 100 mL/kg by 3 days of 
age. On days 8 and 4, milk intakes of 
less than 100 g/kg/24 h were measured 
in seven of the twenty 24-hour periods 
(ten infants times two days). However, 
by day 5, all infants consumed more 
than 110 g/kg of milk (approximately 
87% water). 

The intake of milk on day 1 deter- 
mined in this study (mean+SD, 
37+ 43 g) was similar to that reported 
by Saint et al” (37 g, also measured by 
test weighing the infants) and by 
Roderuck et al” (86 mL). By day 3, 
however, our volumes (309+1432 g) 
were somewhat lower than those ob- 
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served in the other two studies, which 
reported 408 g and 587 mL, respec- 
tively. Later volumes reported by 
Roderuck et al” were considerably 
higher than the more recent data, both 
our own and those of Saint et al”; in 
their group of women, milk volume was 
measured by complete manual expres- 
sion of the breasts, rather than by the 
amount ingested by the infant. The 
amount of milk produced by the 
mother may be considerably greater 
than that ingested by the infant, par- 
ticularly for the week or so after the 
milk comes in. Roderuck et al” also 
reported their data in calendar days, 
starting after the day of delivery, 
rather than in 24-hour intervals from 
birth. This would tend to overesti- 
mate volumes in the first few days. It 
should be noted that intakes of milk 
in the current study, and that of Saint 
et al,” are underestimated by the 
amount of insensible water loss (dis- 
cussed above) and, in the first 48 to 60 
hours, by the mother’s provision of the 
milk samples (1 to 5 mL/d) that would 
otherwise have been available to the 
infant. 

Because the content of lipid, the 
major contributor of the energy con- 
tent of milk, varies throughout a feed 
and diurnally, milk fat concentration is 
best measured by collecting the entire 
breast contents at all feeds during the 
day. This procedure was obviously not 
possible in this group of women. We 
have shown elsewhere” that the sam- 
pling regimen used here, of taking a 
small milk sample at midfeed, gives a 
sample with fat concentration midway 
between those of fore-milk and hind- 
milk. For group data, the mean of the 
lipid content in small midfeed samples 
was found not to differ from the mean 
of the values obtained by analyzing the 
entire contents of the breast. This col- 
lection method has not been tested 
specifically for early lactation; how- 
ever, in the first one to two days post 
partum, samples usually comprised all 
milk that could be removed at the 
sampling time. Samples were taken at 
intervals of less than 12 hours in an 
attempt to follow the rapid changes in 
composition with time post partum 
during the onset of lactation. 

Except on day 1, when they were 
comparable, energy intakes in the 
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present study were lower than those 
reported by Saint et al," mainly be- 
cause of the higher volumes recorded 
in the Australian study. The average 
energy intake on day 5 in the present 
study was approximately two thirds of 
the reported intake at one month.** By 
day 5, the average intakes of protein, 
calcium, sodium, and potassium were 
greater than 80% of the reported in- 
takes at the end of the first month.*® 
Lactose intakes, however, were still 
comparatively low, a consequence of 
the low mean concentration of lactose 
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in the day 5 milk. 

There is no reason to suppose that 
the observed low intakes of fluid and 
nutrients in the first few days after 
birth are harmful to full-term, healthy 
infants. However, in clinical situations 
where the actual level of intake of 
water, glucose, or other nutrients may 
be of importance, it should be appreci- 
ated that what is taken directly from 
the breast will vary considerably from 
infant to infant and may remain low in 
some individual infants even as late as 
96 hours after birth. Clinicians should 
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be aware that the small volumes avail- 
able to the infant on day 1 may make 
exclusive breast-feeding inappropri- 
ate in the face of, for example, hypo- 
glycemia or hyperviscosity. Con- 
versely, routine supplementation by 
day 5 is seldom necessary. 
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Necrotizing Enterocolitis in Infants of Multiple Gestation 


Michael Samm, MD; Marjorie Curtis-Cohen, MD; Marc Keller, MD; Harbhajan Chawla, MD 


e We examined the records of ten 
pairs of twins and one set of triplets 
among whom one or more infants had 
necrotizing enterocolitis (NEC). Peri- 
natal asphyxia and respiratory distress 
were less common in the firstborn in- 
fants. It might, therefore, be anticipated 
that necrotizing enterocolitis was less 
common in this group. We found the 
reverse to be true. In all of the twin pairs 
twin A had NEC, and in no case did only 
twin B have NEC. The disease developed 
in triplet B but not in triplets A or C. 
Examination of associated risk factors 
revealed that the firstborn infants were 
more stable, were fed sooner, and had 
feedings advanced somewhat more 
rapidly than their counterparts. We re- 
emphasize that there are unrecognized 
risk factors in the pathogenesis of NEC 
and that a high index of suspicion 
should be maintained for all premature 
infants despite their apparent stability. 

(AJDC 1986;140:937-939) 


Necrotizing enterocolitis (NEC) is a 

disease of multifactorial causes.’ 
Factors known to occur more fre- 
quently in infants with NEC include 
prematurity, low birth weight, hyaline 
membrane disease, and hypoxia.” 
Many other prenatal and postnatal fac- 
tors have been examined in an attempt 
to establish their influence on the de- 
velopment of NEC. 

To date, few people have studied 
NEC in infants of multiple gestation, 
although these infants would seem to 
be at high risk due to the increased 
incidence of prematurity, low birth 
weight, and hyaline membrane dis- 
ease.*” In addition, to our knowledge, 
no relationship between NEC and 
birth order has been found. We under- 
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took a review of infants born of multi- 
ple gestation in an attempt to identify 
any difference in occurrence of NEC 
related to birth order and other identi- 
fiable risk factors. 


MATERIALS AND METHODS 


Records of admission to the neonatal 
intensive care unit (NICU), Hahnemann 
University Hospital, Philadelphia, be- 
tween August 1981 and August 1984, were 
examined to identify all infants of multiple 
gestation. When at least one member car- 
ried the diagnosis of NEC or suspected 
NEC, the medical records were reviewed. 
A diagnosis of NEC was accepted if the 
patient had clinical signs of impaired 
gastrointestinal function manifested by 
gastric residuals, vomiting, increased ab- 
dominal girth, or bloody stools, along with 
roentgenographic evidence of pneumatosis 
intestinalis. If pneumatosis intestinalis was 
not demonstrated, persistent hema- 
tochezia and marked abdominal dister tion 
plus either (1) roentgenographic evidence 
of significant ileus or (2) roentgenographic 
evidence of pneumoperitoneum and surgi- 
cal evidence of bowl necrosis were re- 
quired. Congenital anomalies of the gastro- 
intestinal tract were excluded. 

The records of these patients and their 
gestational siblings were examined for 
birth order, perinatal resuscitation, Angar 
scores at one and five minutes, birth 
weight, and gestational age. Other factors 
evaluated were respiratory distress that 
required oxygen therapy and/or intubation 
with mechanical ventilation, umbilical ves- 
sel catheterization, hematocrit greater 
than 65% (0.65), serum glucose levels less 
than 35 mg/dL (1.9 mmol/L), and positive 
blood cultures. The following feeding-re- 
lated factors were examined: (1) age in days 
at the first enteral feeding, (2) age at first 
feeding of full-strength formula (670 calo- 
ries/L [2800 J/L]) or breast-milk feeds. and 
(3) age at which volume of enteral intake 
exceeded 100 mL/kg/d. Because some in- 
fants were outborn, complete data for 
zygosity were not available. 

Differences between twin A and twin B 
were evaluated by paired, independent 
t test or by a two-way contingency table 
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using the Yates correction where appropri- 
ate. 


RESULTS 


During the three-year period, there 
were a total of 888 NICU admissions, 
consisting of both inborn and outborn 
infants. No outborn infant was admit- 
ted with the primary diagnosis of 
NEC, and all were admitted within the 
first 24 hours of life. The diagnosis of 
NEC was identified in at least one 
member of ten twin pairs and one set of 
triplets. 

The overall incidence of NEC was 
5.4% (45/838). In singletons the inci- 
dence was 4.2% (81/735), while in mul- 
tiple-birth infants it was 13.6% 
(14/103). However, the average gesta- 
tional age of the infants of multiple 
gestation was significantly lower 
(32.25 vs 34.5 weeks). The mortality 
rate was 32% for singletons with NEC 
and 14% for infants of multiple gesta- 
tion (not significant). 

Firstborn twins had a higher inci- 
dence of NEC than secondborn twins 
(P<.05). Of the ten twin pairs, there 
were seven cases in which only twin A 
had NEC and three cases in which 
both twins were affected. In no case 
did only twin B have NEC (Table). 

The firstborn twins had higher 
Apgar scores (P<.05) and a greater 
number of positive blood cultures. The 
secondborn twins had a significantly 
higher incidence of birth asphyxia and 
oxygen therapy and more frequent 
intubation with mechanical ventila- 
tion, umbilical vessel catheterization, 
exchange transfusion, polycythemia, 
and hypoglycemia. Feedings were ini- 
tiated earlier in the firstborn twins 
(P<.05). In addition, feeding with full- 
strength formula and enteral volumes 
greater than 100 mL/kg/d were 
reached sooner in this group (Table). 

In the set of triplets, 33 weeks’ ges- 
tation, NEC developed in triplet B on 
day 4 of life, while triplets A and C 
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oxygen; V, mechanical ventilation; UA, umbilical arterial catheter; ET, exchange transfusion; PCT, polycythemia; HG, hypoglycemia; BC, positive blood culture; 
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+Statistical significance of comparison between the mean and total values of the twin A group and the mean and total values of the twin B group. 


remained healthy. Triplet C was ini- 
tially the sickest, requiring mechani- 
eal ventilation and umbilical catheteri- 
zation, and her feedings were initiated 
later (day 4 vs day 1) and advanced 
more slowly than those of her siblings 
(100 mL/kg/d on day 11 vs days 3 and 4). 


COMMENT 


In a recent review article, Kliegman 
and Fanaroff" reported the incidence 
of NEC to be 1% to 5% among NICU 
infants. The overall incidence of NEC 
in Hahnemann University Hospital’s 
NICU over the three-year study pe- 
riod was 5.4%, while the incidence 
among twins was 13%. This probably 
reflects the younger gestational age of 
the twin admissions compared with 
that of the singletons. 
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There are few reports regarding 
NEC in infants of multiple gestation. 
As a group, because of the increased 
incidence of prematurity they may be 
expected to have a higher rate of the 
disease than the general NICU popu- 
lation. Comparison between firstborn 
and secondborn twins might be of in- 
terest because the two infants share a 
similar, although certainly not identi- 
eal, in utero environment but are sub- 
ject to definite differences during and 
after birth. In particular, several au- 
thors have documented that second- 
born twins are more frequently ex- 
posed to hypoxia and have a higher 
incidence of respiratory distress syn- 
drome than their gestational counter- 
parts.*”° Our data were consistent with 
this observation, in that a greater per- 


centage of twin B infants required 
resuscitation and oxygen therapy, and 
Apgar scores were lower than those of 
the A twins. Secondborn twins might 
be expected to have a higher incidence 
of NEC if birth asphyxia and hypoxia 
are important in the pathogenesis of 
the disease.“” Yu and Tudehope’® ex- 
amined 44 cases of NEC, seven of 
which were in infants born of multiple 
gestation, and their data tend to sup- 
port this suggestion. In four sets of 
twins only the secondborn had NEC,- 
while in one set only the firstborn had 
the disease, and in one set both twins 
were affected.’ In contrast, of our ten 
pairs of twins with NEC, twin A was 
affected in every case, while in only 
three pairs did twin B also have NEC. 
In no case was twin B alone affected. 
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After examining the apparent risk 
factors, we speculate that a difference 
in initial feeding schedules may have 
contributed to this unanticipated dif- 
ference in rate of NEC by birth order, 
although other, unrecognized factors 
may have also had an influence. 

There are many studies in the liter- 
ature that relate feeding practices and 
NEC. Rapid progression of feeding, 
large volumes, and hyperosmolar feed- 
ings have all been implicated.“* The 
colonization of the intestine with bac- 
teria, which is facilitated by feeding, 
may also play a role in the patho- 
genesis of NEC.*” In a retrospective 
study, Book et al” found a higher rate 
of NEC during a period of rapid feed- 
ing (volumes of 140 mL/kg/d by day 7) 
compared with a period of slower feed- 
ing (volumes of 120 mL/kg/d by day 14), 
although a prospective study by the 
same author” failed to confirm this 
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relationship. Brown and Sweet” found 
a dramatic decrease in the incidence of 
NEC after the introduction of a slowly 
progressive feeding regimen. 

The secondborn twins in our study 
began feeding and reached full- 
strength feeding at ages comparable to 
those in the program described by 
Brown and Sweet.” The firstborn 
twins who were believed to be at lower 
risk were fed significantly earlier, 
tended to reach full-strength feedings 
at larger volumes more rapidly, and 
had a higher incidence of NEC. They 
were, however, fed no faster than other 
premature infants considered to be at 
low risk. 

The idea that infants presumed to be 
more stable might be handled difer- 
ently than their counterparts was re- 
cently addressed by Barnard et al.” 
The authors found that infants who 
had mild forms of NEC that required 
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only medical treatment initially had a 
more complicated course than those 
who developed severe disease that re- 
quired surgical intervention. They 
suggested that premature infants who 
are not viewed as sick may be fed more 
rapidly and monitored less carefully 
than those considered to be at risk. 
These apparently low-risk infants may 
be candidates for more severe disease. 

The complete pathogenesis of NEC 
is still unclear, and the role played by 
feeding is controversial. We report 
these observations because of the 
unexpected lower incidence of NEC in 
the initially sicker infants. Perhaps 
further studies on larger numbers of 
multiple-gestation infants will shed 
more light in this difficult area. 
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Head Insulation for Premature Infants in 


Servocontrolled Incubators and Radiant Warmers 


Mark C. Templeman, Edward F. Bell, MD 


è We evaluated the safety of insulat- 
ing the heads of premature infants in 
servocontrolied thermal environments. 
We measured the body temperatures of 
premature infants (seven in incubators, 
seven under radiant warmers) before, 
during, and after application of a head- 
wrap made with an olefin and polyester 
composite (Thinsulate, 3M Co, St Paul). 
All infants were tested while abdominal 
skin temperature was maintained at a 
constant level by servocontrol. Temper- 
atures of the tympanic membrane, rec- 
tum, abdomen, and heel remained con- 
stant. The insulated headwrap increased 
the scalp temperature of incubator in- 
fants but not radiant warmer infants. 
Head insulation reduced variability in 
scalp temperature for radiant warmer 
infants. We found no evidence of over- 
heating in these infants. 

(AJDC 1986;140:940-942) 


Jarse amounts of heat are lost 
through the exposed skin of an 

infants head. It has been estimated 
that up to 70% of the body’s metabolic 
heat may be produced in the brain.’ 
Much of this heat is presumably dissi- 
pated through the skin of the head, 
which accounts for nearly a quarter of 
the body surface area.” Several at- 
tempts have been made to reduce 
‘these losses by insulating the head. 
The use of a cotton gauze and wool hat 
has been shown to decrease the rate of 
fall in rectal temperature of infants in 
the first 30 minutes of life.* Hats were 
also shown to decrease oxygen con- 
sumption and reduce total heat loss in 
naked infants in cool environments.* 
There have been several recent studies 
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using headwraps lined with Thinsulate 
(83M Co, St Paul), an olefin and poly- 
ester composite with effective insulat- 
ing properties. Rowe and his cowork- 
ers’ showed that Thinsulate head- 
wraps reduced dry and evaporative 
heat losses from the heads of term and 
premature infants following surgery. 
The use of Thinsulate headwraps in the 
delivery room was also found to main- 
tain core temperature on arrival in the 
nursery and to reduce the incidence of 
hypothermia. Marks and his associ- 
ates‘ tested Thinsulate headwraps in 
premature infants in cool environ- 
ments; the headwrap reduced oxygen 
consumption and raised body core and 
surface temperatures. 

We were concerned that head insula- 
tion might change the distribution of 
body heat and cause cranial overheat- 
ing in infants whose incubators and 
radiant warmers are servocontrolled 
to maintain a constant temperature at 
an uninsulated site on the abdominal 
surface. This study was undertaken to 
test the safety and efficacy of head 
insulation for infants in servocon- 
trolled incubators and radiant warmer 
beds. 


SUBJECTS AND METHODS 


Twelve premature infants were enrolled 
in the study: five were in incubators (C-100 
Isolette, Air-Shields Inc, Hatboro, Pa), 
and seven were under radiant warmers 
(Neo-natal Care Center, Ohio Medical 
Products, Madison, Wis). Two infants were 
studied first under radiant warmers and 
again while in incubators (five and 21 days 
later). None of the subjects had confirmed 
sepsis, neurological disorder, or major 
congenital anomaly. Gestational age was 
determined by the method of Ballard 
et al.* Demographic data are summarized in 
Table 1. 

Studies were performed at the skin con- 
trol temperature in use at the time of study 





Radiant 
Incubator Warmer 


Total No. of 
infants 


Male 
Female 














Birth weight, 
kg 
Mean (SD) 1.71 (0.43) 1.12 (0.54) 
Median 1.70 0.90 
Range 1.16-2.34 0.61-1.90 
Gestational 
age, wk 
Mean (SD) 33 (2) 29 (3) 
Median 33 29 
Range 30-36 26-34 
Postnatal 
age, h 
Mean 172 257 










Median 
Range 










119 
42-552 


93 
33-942 





(range, 35.3°C to 37.2°C). Four of the seven 
radiant warmer infants had plastic convec- 
tive heat shields, which were left in place 
during the study. Diapers were replaced on 
all infants after the rectal probe was in- 
serted. No other clothing was worn except 
for the knit booties worn by some infants; 
these were removed before the study was 
begun. 

Rectal temperature was measured by 
placing a vinyl-covered, flexible thermistor 
probe (probe 402, Yellow Springs Instru- 
ments [YSI], Yellow Springs, Ohio) into 
the rectum to a depth of 5 cm. Tympanic 
membrane temperature was measured as 
previously described’ with a small, flexible 
thermistor probe (YSI, probe 511), which 
was slowly inserted into the external au- 
ditory canal until resistance was met. The 
probe was then anchored by a cotton wad in 
the external auditory canal and secured 
with tape to the external ear. All electronic 
probes were attached to a switchbox and 
telethermometer (YSI, model 49 TA). Skin 
temperature probes (YSI, probe 427) were 
attached to the scalp, abdomen, and heel 
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Written, informed consent of the parents 
was obtained for each subject. The study 
was approved by the Human Subjects Re- 
view Committee of the University of Iowa, 
Iowa City. 


RESULTS 


For the infants in servocontrolled 
incubators, the Thinsulate headwrap 
increased scalp temperature by an av- 
erage of 0.8°C, from 35.9°C to 36.7°C, 
but did not affect tympanic membrane, 
rectal, abdominal, or heel temperature 
(Table 2). The rise in scalp tempera- 
ture was complete within ten minutes 
after the headwrap was applied. For 
the radiant warmer infants, there was 
no significant change in the tempera- 
ture at any site with application or 
removal of the headwrap. 

Without head insulation, the radiant 
warmer infants had greater variability 
in scalp temperature than did the in- 
cubator infants (pooled variance, 0.042 
vs 0.008, P<.01). Applying the head- 
wrap reduced the minute-to-minute 
fluctuation in scalp temperature of the 
radiant warmer infants (P<.01); the 
median variance was reduced from 
0.028 (range, 0.007 to 0.105) to 0.002 





(range, 0 to 0.009). When the head- 
wrap was removed, the scalp tempera- 
ture variability increased again (me- 
dian variance, 0.018; range, 0.009 to 
0.057). The headwrap had no effect on 
the variability of scalp temperature in 


Scalp 

Tympanic membrane 
Rectum 

Abdomen 

Heel 


35.9 (0.7) 
36.8 (0.2) 
37.0 (0.3) 


36.7 (0.3)* 
36.8 (0.2) 
37.0 (0.3) 


36.1 (0.7) 
36.8 (0.2) 
37.0 (0.3) 


36.8 (0.6) 
37.2 (0.5) 
37.1 (0.4) 


37.0 (0.4) 
37.1 (0.5) 
37.0 (0.4) 
36.2 (0.3) 36.2 (0.2) 36.3 (0.2) 36.7 (0.6) 36.6 (0.5) 36.8 (0.7) 
33.5 (2.1) 33.3 (2.5) 33.4 (2.5) 33.9 (1.2) 33.1 (1.5) 33.0 (1.5) 
*Scalp temperature with headwrap significantly higher than initial and final temperatures by analysis of 


36.7 (0.6) 
37.1 (0.5) 
37.0 (0.3) 





variance (P<.001) and paired t test (P<.025). 


using 1.0x1.5-cm strips of adhesive tape. 
Each probe had been tested in a water bath 
with a certified mercury thermometer 
(Fisher Scientific, Pittsburgh) traceable to 
the US National Bureau of Standards. 

Temperatures were allowed to stabilize 
after placement of the thermistor probes. 
Temperatures were then recorded at each 
site at one-minute intervals. Thereafter, a 
Thinsulate Neonatal Headwrap (No. 8801) 
was placed around the infant’s head (Fig- 
ure). With the headwrap in place, tempera- 
ture measurements at each site were again 
recorded every minute for 20 minutes. An 
observation period of 20 minutes was se- 
lected because the scalp temperature did 
not change more than 0.1°C after the first 
ten minutes with the headwrap in place. 
After the headwrap was removed, the tem- 
peratures were recorded for an additional 
20 minutes. 

For each infant, the mean and variance 
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were calculated at each temperature sive 
for the final ten mimutes of each stucy 
condition, ie, before, during, and after 
placement of the headwrap. For each site, 
temperatures before, during, and after 
head insulation were compared by analys-s 
of variance for repeated measures and with 
the t test for paired observations. Tempera- 
ture differences were considered signifi- 
cant only if the two-tailed P value was less 
than .05 by both analysis of variance and 
paired t test. Variances before, during, and 
after head insulation were compared usinz 
the Quade test.” Ineubator and radiant 
warmer infants were analyzed separately. 
The only value compared between the in 
cubator and radiant warmer infants was the 
scalp temperature variance before head 
insulation, which was compared using the F 
test for equal varianees. Differences be- 
tween temperatures at various body sites 
were not compared statistically. 


incubator infants. Temperature vari- 
ability at other sites (tympanic mem- 
brane, rectum, abdomen, and heel) 
was not affected by head insulation in 
either group of infants. 


COMMENT 


Insulating the heads of infants has 
been shown to reduce body heat loss 
during periods of cold stress after 
birth®® or surgery.” Head insulation 
has also been found to decrease oxygen 
consumption and increase body tem- 
perature of infants in cool nursery en- 
vironments.*” 

In our study, head insulation for 
premature infants maintained in a 
warm environment regulated by skin 
temperature servocontrol did not in- 
crease body core temperature. Skin 
temperatures of the abdomen and heel 
were also not affected, but the scalp 
temperature of infants in incubators 
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was increased by an average of 0.8°C. 
The scalps of radiantly heated infants 
were not significantly warmed by in- 
sulating their heads; the headwrap 
seems to have blocked both heat loss 
from the head to the environment (by 
convection and evaporation) and gain 
of heat radiated from the warmer. In- 
sulating the heads of infants under 
radiant warmers dampened the fluc- 
tuation in scalp temperature. This 
fluctuation may to some extent reflect 
measurement error and direct heating 
of the thermistor. It is also possible, 
however, that the temperature fluctua- 
tion reflects variability in the power 
output from the infrared heat source. 
Baumgart and his coworkers" have 
shown that these swings in power out- 
put can be reduced by the use of plastic 
blankets. This observation” may be 
analogous to the modulating effect of 
head insulation on scalp temperature 
described in the present study. The 
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5. Rowe MI, Weinberg G, Andrews W: Reduc- 


clinical importance of this apparent 
fluctuation in the scalp temperature of 
radiantly warmed infants is not 
known. 

Tympanic membrane temperature is 
thought to reflect the temperature of 
the central thermoregulatory control 
center.” The failure of the headwrap to 
raise tympanic membrane tempera- 
ture indicates that the metabolic heat 
produced in the brain was dissipated 
adequately to prevent heating of the 
brain. Because heat loss through the 
scalp was limited by the added insula- 
tion, heat dissipation from the brain 
must have increased by other routes. 
With the headwrap, more heat may 
have been transferred by convection 
through the circulation and dissipated 
through the skin of the trunk and 
limbs; however, we found no increase in 
abdomen or heel temperature with 
head insulation. Some of the heat from 
the head may have been eliminated by 
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increasing evaporation from the respi- 
ratory tract and exposed skin, but 
measurement of evaporative heat and 
water losses was beyond the scope of 
this study. 

Thermal insulation of the head ap- 
pears to be safe for premature infants 
who are warmed by devices regulated 
to maintain constant abdominal skin 
temperature, but the benefits of in- 
sulation are small, unlike those re- 
ported for infants in uncontrolled, cool 
environments.” Our findings do not 
support routine use of head insulation 
for premature infants in servocon- 
trolled incubators or radiant warmers. 
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Bacterial Meningitis in 
Arizona American Indian Children 


Gerald C. Yost, MD; Allen M. Kaplan, MD; Rudolph Bustamante, MD: 
Carl Ellison, MD; Albion F. Hargrave III, MD; Donald L. Randall, MD 


è Bacterial meningitis is a major 
cause of morbidity and mortality in Ari- 
zona infants and children. A retrospec- 
tive review of 102 cases of meningitis 
occurring in the American Indian popu- 
lation documents the prevalence of the 
Haemophilus influenzae organism witha 
peak incidence in the first year of life. 
The rate of H influenzae resistance to 
ampicillin was 16%. Overall morbidity 
and mortality rates are comparable with 
reviews of diverse populations, but there 
is an exceptional mortality and pro- 
longed hospitalization in patients less 
than 1 year of age. The development of an 
efficacious vaccine against H influenzae 
may substantially reduce and prevent 
this cause of meningitis. 

(AJDC 1986;140:943-946) 


acterial meningitis continues to be 
a leading cause of morbidity and 
mortality in infants and children of all 
populations. Four epidemiologic stud- 
ies have documented significantly 
higher incidence rates of Haemophilus 
influenzae meningitis in the Alaskan 
Eskimo,’ Navajo,”* and White Moun- 
tain Apache Indians.‘ In an attempt to 
define the magnitude and outcome of 
all types of meningitis in a multitribal 
pediatric American Indian population 
within the state of Arizona, we con- 
ducted a retrospective study of 102 
patients over a six-year period. 


PATIENTS AND METHODS 


The medical records in 102 cases of bacte- 
rial meningitis occurring in the pediatric 
Indian population (newborn to 15 years of 
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age) from Jan 1, 1978, to Dec 31, 1983, were 
reviewed. Seventy-five percent of the va- 
tients received treatment at the Phoezix 
Indian Medical Center (PIMC); the remain- 
ing patients were treated at six other In- 
dian Health Service hospitals serving the 
communities of White River, San Carles, 
Keams Canyon, Sacaton, Yuma, and Parker. 
The PIMC is the major referral institution 
for these hospitals and serves all the Indian 
tribes of Arizona. The largest tribal groups 
served by this center include the Pima, 
Apache, Navajo, and Hopi Indians. 

Documentation of infection consisted ef 
culture and isolation of a bacterial organism 
from the cerebrospinal fluid (CSF) ot- 
tained by lumbar puncture (95 cases) or 
pleocytosis (leukocyte count >400/mr-* 
[>0.4 x 10°/L]) associated with (1) positive 
blood cultures (two cases), (2) positive latex 
agglutination (three cases), and (3) clinical 
features of meningitis including fever and 
neurologic signs (two cases). 

Postmeningitis follow-up informatior 
was obtained from the PIMC Neurology 
Clinic records and on-site visits to several 
of the reservation facilities. Three of us 
(G.C.Y., R.B., and C.E.) reviewed the 
chart entries made by local medical staff 
providers. In one instance a special clinic 
was held by one of us (R.B.) to evaluate 11 
children recovering from meningitis at 
least one year from onset of their disease. 
Four children were unavailable for follow- 
up evaluation. A review of their records 
showed a benign hospital course. 

Population statistics were derived from 
official Indian Health Service Population 
Estimate totals (from tribal-specific Indian 
population estimates, fiscal years 1978 to 
1984). All incidence rates reported in this 
article are expressed as cases per year per 
100 000 population under 5 years of age. 
The P values were determined by the bino- 
mial test. 

RESULTS 
Incidence of Infection 

Figure 1 shows a fluctuating yearly 
incidence ranging from ten to 24 cases 
of meningitis per year. Haemophilus 
influenzae was the predominant or- 
ganism causing meningitis each year. 
Streptococcus pneumoniae was the 
only other organism identified con- 





sistently over this six-year period. Al- 
though there was a decreasing number 
of cases documented during the last 
two years of the study, preliminary 
review of the 1984 meningitis cases 
showed an increase, with at least 20 
new cases. 

The monthly occurrence of men- 
ingitis demonstrates a peak fall-winter 
seasonal distribution of H influenzae 
infections. For other causative orga- 
nisms the number of cases was too low 
to identify seasonal patterns. 


Age Distribution 


Figure 2 illustrates the age distribu- 
tion of children with bacterial men- 
ingitis. Sixty-two (81%) of 77 cases of H 
influenzae meningitis, 12 (86%) of 14 
cases of S pneumoniae, and two (67%) 
of three cases of Neisseria meningiti- 
dis occurred prior to 1 year of age, with 
a peak incidence of meningitis from 
ages 4 to 6 months. All fatal cases of 
meningitis in this study occurred in 
patients under 1 year of age. Although 
the study population included children 
up to age 15 years, there were no 
reported cases of meningitis in chil- 
dren over 4 years of age. 


Tribal Patterns 


Table 1 shows the tribal affiliation of 
patients with meningitis. Tribal popu- 
lation studies show a total Indian pop- 
ulation of 68 000 in the geographic 
areas included in this study. There 
were approximately 9400 infants and 
children under 5 years of age (13.8%), 
with an annual incidence rate of 180 per 
100 000 population. With the exception 
of the Maricopa and Cocopah Indians, 
H influenzae was the most prevalent 
organism causing meningitis in the 
tribes studied, with an annual inci- 
dence rate of 136 per 100 000 popula- 
tion. The current study documents 
incidence rates of 256 per 100 000 pop- 
ulation in the San Carlos Apache, 269 
per 100 000 population in the White 
Mountain Apache, and 67 per 100 000 
population in the Pima Indian tribes. 
The incidence of meningitis in the 
Pima Indian population under 5 years 
of age was significantly less than that 
of the Apache Indians (P=.001). The 
mortality rate within the Pima Indian 
tribe was the highest of all tribes stud- 
ied, although the difference was not 
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statistically significant. While sub- 
stantial numbers of meningitis cases 
are documented within the Navajo and 
Hopi Indian tribes, exact incidence 
rates were not determined as a signifi- 
cant number of these children received 
care outside our geographic area. 


Bacteriologic Studies 


There were nine different bacterial 
pathogens isolated from CSF spec- 
imens. Table 2 lists various organisms 
causing meningitis in the study. 
Haemophilus influenzae was the most 
frequent organism, accounting for 77 
(75%) of 102 cases; S pneumoniae was 
cultured in 14 cases (14%), and N men- 
ingitidis was found in three cases (3%). 
The remaining organisms included 
groups B and D streptococci, Es- 
cherichia coli, Salmonella enter- 
itidis, and Mycobacterium tuberculo- 
sis. No cases of brain abscesses were 
documented. Antibiotic sensitivity 
studies were performed using disk dif- 
fusion methods. Haemophilus influ- 
enzae was resistant to ampicillin in 12 
cases (16%). B-Lactamase determina- 
tions in cases of H inflwenzae menin- 
gitis correlated with the antibiotic sus- 
ceptibility testing. All H influenzae 
organisms were sensitive to chloram- 
phenicol. Delayed bacterial steriliza- 
tion of the CSF was not encountered. 


All CSF cultures repeated 24 to 48 


hours after initiation of treatment 
were negative. 


Morbidity and Mortality 


The mortality rate was 7.8% among 
the 102 patients with bacterial men- 
ingitis. No deaths occurred in patients 
over 8 months of age. Four children 
were unavailable for follow-up evalua- 
tion, but when the records were re- 
viewed all four were found to have had 
benign hospital courses. Fifty-three 
(52%) of 102 patients experienced sei- 
zures during the acute illness, but only 
11 children required long-term anticon- 
vulsant therapy. Sixty-two patients 
having neurologic follow-up (average, 
three years from date of onset of dis- 
ease) showed no detectable abnormali- 
ties. Twenty-seven (30%) of the 89 
surviving patients had documented 
persistent neurologic abnormalities 
following their acute meningitis. 
These neurologic complications in- 
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Fig 1.—Incidence of meningitis by year, 1978-1983 (N = 102). Black bars indicate Haemophi- 
lus influenzae; gray bars, Streptococcus pneumoniae; and white bars, other organisms. 
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Fig 2.—Age distribution of meningitis and mortality. Each asterisk indicates one death (all 
infants were under 1 year of age at time of death). Black bars indicate Haemophilus influen- 
zae; gray bars, Streptococcus pneumoniae; and white bars, other organisms. 


clude intractable seizures (11 patients), 
mental retardation (five patients), de- 
velopmental delays (six patients), 
hemiplegia (five patients), quadri- 
plegia (three patients), language 
delays (14 patients), hearing loss (eight 
patients), cortical blindness (two pa- 
tients), and organic hyperactivity (two 
patients). Several patients had more 
than one complication. 


Duration in Hospital 


The hospital course for many pa- 
tients in the study was prolonged and 
complicated. Figure 3 illustrates the 
duration. The average hospital stay for 
children with meningitis was 18.2 
days. This compares with the 13-day 
average length of stay reported by the 
Commission on Professional and Hos- 
pital Activities in 1980.° Reasons for 
the prolonged hospitalization in our 


patients are uncertain, but longer pe- 
riods tended to occur in the younger 
age groups. There were no relapses, 
but one child experienced two separate 
attacks of meningitis in infancy, one 
caused by S pneumoniae and the other 
by H influenzae. 


COMMENT 


Bacterial meningitis continues to be 
a major medical problem for American 
Indian infants and young children. 
Based on this retrospective review of 
meningitis in American Indians, an 
overall annual incidence of 180 per 
100 000 population has been docu- 
mented. The majority (75%) of these 
cases were caused by H influenzae, 
with an annual incidence of 136 per 
100 000 population. Previous epi- 
demiologic studies of H influenzae 
meningitis in children under 5 years of 
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Apache 

White Mountain 19 

San Carlos 16t 

Tonto 2 
Navajo 11 
Hopi 7 
Papago 3 
Yaqui 2 
Quechan 1 
Maricopa 0 
Cocopah 1 
Mohave 1 








age show exceptionally high annual 
incidence involving the Navajo** (153 
per 100 000 population) and the White 
Mountain Apache Indians‘ (254 per 
100 000 population). This incidence 
represents a fourfold increase com- 
pared with that of the general US 
population. These rates are exceeded 
only by the Alaskan Eskimo, reported 
to have an incidence for H influenzae 
meningitis of 409 per 100 000 popula- 
tion.’ In contrast, the diverse popula- 
tion-based studies in the United States 
completed over the past nine years 
show an annual incidence ranging from 
51 to 77 per 100 000 population." 

As shown in Table 3, comparative 
studies of etiologic agents and mor- 
tality rates in the present cases of 
H influenzae and S pneumoniae men- 
ingitis are not significantly different 
from those observed by Coulehan et al? 
ten years previously in a Navajo Indian 
population surveyed. The mortality 
rates, however, remain higher but not 
significantly higher (P=.22) than 
those reported by McCracken’ in a 
diverse non-Indian pediatric popula- 
tion in Texas. In our study, infants 
under 4 months of age experienced the 
highest mortality rate, with five 
(23.8%) of 21 infants dying in this age 
group. This finding compares with the 
mortality rate of three (3.7%) of 81 
cases in patients over 4 months of age. 
In a recent national bacterial meningi- 
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Type of Meningitis 
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*Resulting in one death secondary to meningitis. 





2 0 21 1173 
2 2 
0 0 
5 1 
1 1 
0 1 
0 0 
0 0 
0 2 
0 1 
0 0 





Haemophilus influenzae 
Streptococcus pneumoniae 
Neisseria meningitidis 
Group B streptococci 
Salmonella enteritidis 
Escherichia coli 
Mycobacterium tuberculosis 
Group D streptococci 
Unknown 

Total 








tis surveillance study,’ the overall mor- 
tality rate for H influenzae meningitis 
in 27 states was 6%, compared with our 
rate of 6.5%. McCracken’ stated that 
“despite improved medical therapy 
over the last deeade, especially with 
the development of intensive care facil- 
ities, newer antimicrobials, and mod- 
ern radiographic imaging techniques, 
no substantial alteration of mortality 
rates has occurred in the pediatric 
patient with bacterial meningitis.” Of 
note, the Pima Indian population that 
resides adjacent to urban areas and 
near major medical facilities had the 
highest mortality rate of all the tribes 
studied. The morbidity rate in our 
study also does not differ significantly 


‘from other reported reviews,’ al- 


though further follow-up is necessary 
to document the persistence or recog- 


at Risk/y 





Annual Incidence 
of Haemophilus influenzae Meningitis 
(per 100 000 Population) 
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Be 
No. (%) of Deaths 
5 (6.5) 

14 2 (14.3) 

3 1 (33.3) 
2 0 
1 0 
1 0 
1 0 
1 0 
2 0 
102 8 


nition of additional neurologic or cog- 
nitive disorders. 

There has been recent documenta- 
tion of increasing rates of ampicillin 
resistance in excess of 30% in H influ- 
enzae meningitis.’ Our patient popula- 
tion showed resistance in only 16% of 
cases, with no trend toward increasing 
resistance noted. 

Because H influenzae accounts for 
the majority of meningitis cases, vari- 
ous preventive approaches will be re- 
quired to lower the high incidence, 
morbidity, and mortality from this or- 
ganism. In a recent review of influ- 
enzal disease in children, Istre et al” 
reported that exclusive breast-feeding 
was a significant protective factor for 
infants younger than 6 months of age. 
In view of this observation, breast- 
feeding of young infants in populations 
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Length of Hospitalization, Days 
Fig 3.—Duration of hospitalization for children with meningitis. 


at risk for these infections appears to 
be beneficial. The efficacy of the cur- 
rently available H influenzae type B 
polysaccharide vaccine is docu- 
mented,’ but its use has been limited to 
children 18 months of age or older. In 
our study only 18% of cases of H influ- 
enzae meningitis occurred after 18 
months of age, and there were no fatal- 
ities in this age group. A study on the 
efficacy of H influenzae hyperimmune 
globulin in the prevention of men- 
ingitis in a high-risk American Indian 
population is currently in progress. 
The National Institutes of Health has 
contracted for an efficacy trial in the 
high-risk Alaskan Eskimo population 
using a new vaccine that appears to be 
effective in children less than 1 year of 
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age. Unfortunately, this study will re- 
quire several years before completion. 

Based on the findings of our review, 
several conclusions can be drawn: (1) 
the overall incidence of bacterial men- 
ingitis in Arizona Indians varies from 
tribe to tribe but is increased com- 
pared with that of the general US 
population, with a peak incidence oc- 
curring between 4 and 6 months of age; 
(2) H influenzae is the most common 
offending organism; (3) in general, 
children with bacterial meningitis in 
this population require a prolonged 
hospital stay; (4) mortality rates are 
significantly higher in patients under 1 
year of age, but overall morbidity and 
mortality rates are comparable with 
those reported in diverse population 


% 


Mortality 





Non-indian 
Population, 
1969-1982 (N= 1787)§ 


% of % 
Total Mortality 


studies; and (5) the development of an 
effective vaccine against H influenzae 
in patients under 1 year of age appears 
to hold the greatest potential for the 
prevention of bacterial meningitis in 
American Indian children. 


The authors thank Rosalind Ruch and Mary 
Stivers for the preparation of the manuscript; 
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statistical assistance; and Maurice Sievers, MD, 
for his critique of this report. 
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Review 


Clinical Utility of Magnetic Resonance Imaging in Pediatrics 


Mervyn D. Cohen, MB, ChB 


è A review of over 100 articles and our 
own experience of scanning nearly 500 
children with magnetic resonance (MR) 
imaging indicate that MR is well toler- 
ated by children. Magnetic resonance is 
already proving to be the imaging modal- 
ity of choice for the central nervous 
system. It should soon prove its utility 
for the study of most tumors, vascular 
problems, and infections of the mus- 
culoskeletal system. In other regions of 
the body, MR can identify abnormality 
well, but many of these abnormalities 
can be identified well with other modal- 
ities, and the precise role of MR is yet to 
be defined. We anticipate that the num- 
ber of indications for the use of MR will 
grow rapidly. 

(AJDC 1986;140:947-956) 

maging techniques that are safe and 

painless strongly appeal to physi- 
cians who care for ill children. It is be- 
lieved that magnetic resonance (MR) 
imaging has many features that make 
it an ideal modality to use for eval- 
uating a range of disorders in children. 

The potential for creating human 
images with MR was suggested in 1973 
by Lauterbur, and the earliest 
images were published by Mansfield 
et al,” Hinshaw et al,* and Damadian 
and coworkers‘ in 1977 and 1978. Since 
then there have been rapid and dra- 
matic improvements in image quality 
and scanning techniques. At the pres- 
ent time MR is poised to become a 
major method for imaging the body. 
The object of this review is to describe 
the current status of MR in clinical 
pediatric practice. It is not intended to 
review the physics of MR or the scan- 
ning techniques. Many excellent such 
reviews already exist.°* 


METHODS 


The material for this review is based on 
an extensive literature review and our own 
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experience in MR imaging of children. In 
December 1982, the Indiana University 
Medical Center, Indianapolis, installed a 
Technicare 0.15 Tesla MR scanner. Since 
then a Picker 2.0 Tesla scanner has been 
added. Over 450 children have been 
scanned, many of them on more than one 
occasion. About one third of the scans have 
been of the central nervous system (CNS). 
Diseases studied include congenital abnor- 
malities, trauma, tumors, infections, 
vascular disorders, and endocrine and con- 
nective tissue diseases. 

At present, about 700 articles deaing 
with the clinical applications of MR imaging 
have been published. About 115 of them 
deal to a greater or lesser extent with 
children. The evaluation of MR will evcive 
in three phases. The first phase will estab- 
lish whether a particular disease process 
can be identified with MR, the second will 
compare MR with other imaging modalities 
for sensitivity and specificity, and the third 
will define the clinical utility of the informa- 
tion provided by the MR images. In some 
areas we are still in phase II, while in 
others (especially CNS and musculoskele- 
tal system) we are much further forward. 


COMMENT 
Safety 


Two forms of energy are involved in 
MR imaging—radiowaves and magne- 
tism, both of which surround us contin- 
uously. Safety concerns include the 
induction of electric currents from 
changing magnetic field gradients,” 
body heating from energy supplied by 
radiowaves,”” effects on implanted 
metallic objects, and as yet unidenti- 
fied, long-term problems. At pres- 
ently used energy levels, there are no 
known biological hazards from MR im- 
aging®”* and no reported side ef- 
fects.” The induced electrical currents 
are well below the threshold required 
to affect nerve or cardiac conduction,” 
and the heating effect is well below 
that of the body’s normal basal meta- 
bolic rate.” Many surgical clips and 
orthopedic implants are nonmagnetic 
and can be safely imaged.” Patients 
with artificial heart valves can also be 
safely scanned.” Patients with car- 


diac pacemakers cannot, however, be 
scanned, as even low magnetic fields 
will affect pacemaker function.” In 
summary, it is believed that, compared 
with other imaging modalities and 
with the risks associated with every- 
day life, MR imaging for children can 
be classified as a very safe procedure. 


Patient Preparation 


Apart from explaining the proce- 
dure to the children and their parents, 
no preparation is required. During the 
scan procedure the children must re- 
main still on a comfortable padded 
couch for periods between 30 and 60 
minutes. There were initial reserva- 
tions about the children’s ability to 
cooperate, but experience has shown 
that the overall failure rate in imaging 
children is less than 3%. Sedation is 
not routinely used, but it may be re- 
quired for children in the age range of 1 
to 3 years. We have found chloral hy- 
drate in a dose of 50 to 100 mg/kg of 
body weight to be adequate. Parents 
are encouraged to join their children in 
the scanning room, and this is fre- 
quently helpful in securing patient co- 
operation. Magnetic resonance scan- 
ning has uniformly been well accepted 
and well tolerated by children.” Major 
dislikes include the lack of mobility and 
the noise produced by the machine.” 


Patient Monitoring 


Conventional monitoring equipment 
cannot be used if it contains ferromag- 
netic materials; their presence will 
cause image artifacts. In addition, the 
magnetic field will distort signals on 
television monitors. These problems 
will be overcome by the production of 
nonmagnetic ventilators, telemetric 
transmission of electrocardiographic 
signals, and the use of fiberoptic 
rather than wire cables.” 


Chest 


Magnetic resonance images can be 
obtained in transverse, coronal, or 
sagittal planes.” The trachea, main 
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stem bronchi, and thymus are clearly 
seen. The esophagus is difficult to 
identify. A major advantage of MR 
compared with chest roentgenography 
or chest computed tomography (CT) is 
that, without the use of injected con- 
trast agents, MR can identify blood 
vessels very well. On chest roent- 
genograms and CT scans, blood ves- 
sels are of similar intensity to adjacent 
_ soft-tissue mediastinal structures. On 
MR images they appear black and are 
sharply distinguished from adjacent 
mediastinal tissues. On MR images, 
vessels cannot be distinguished from 
air in the lungs, which also appears 
black, but are easily distinguished 
from disease processes in the lungs. 

Many congenital anomalies, such as 
lobar emphysema,™ cystic adenoma- 
toid malformation, pulmonary hypo- 
plasia, and pulmonary artery agene- 
sis,” can be well identified with MR, 
but as yet there are no proved advan- 
tages of MR. 

Areas of lobar pneumonia can be 
well identified, and their exact distri- 
bution can be clearly delineated. The 
image intensity in different imaging 
pulse sequences may change more 
with infection than with atelectasis, 
and this may help distinguish infection 
from atelectasis in difficult cases.***’ 
In cystic fibrosis there is frequently a 
problem in distinguishing prominent 
blood vessels from mucoid impaction of 
bronchi and peribronchial inflamma- 
tion. These can all be readily distin- 
guished on MR scans.” 

Lung abscesses appear as well-de- 
fined areas of abnormality on MR 
scans. With an abscess, the presence of 
surrounding inflammatory edema may 
help in distinguishing a noncavitating 
abscess from a fluid-filled cyst or a 
solid tumor nodule. Because blood fre- 
quently has a different image intensity 
from other tissues, it may be possible 
with MR to distinguish hemorrhagic 
pulmonary infarction from pulmonary 
collapse or pneumonia. 

Using MR, one can identify primary 
and secondary tumors in the medi- 
astinum and the lungs but cannot al- 
ways predict tumor histology. Fat or 
cystic areas can be accurately identi- 
fied, and this may help in differential 
diagnosis. Magnetic resonance is much 
less sensitive than CT for identifica- 
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tion of calcification within tumor 
masses. As mentioned above, MR im- 
aging is superior to conventional 
roentgenography and chest CT for dif- 
ferentiating enlarged lymph nodes 
from adjacent mediastinal blood ves- 
sels." In thoracic lymphoma, MR 
imaging is as good as CT in identifying 
the primary abnormality in most cases 
and superior to CT in some cases.” 

A variety of disorders can cause 
diffuse parenchymal abnormality on 
chest roentgenograms; these can fre- 
quently be difficult to distinguish from 
each other. The differential diagnosis 
includes fibrosis, inflammation, tumor 
hemorrhage, lymphangectasia, edema, 
and so on. At this stage, it seems that 
an abnormality can be seen with MR in 
many of these disorders. Findings on 
the MR images, including distribution 
of disease, coarseness of the abnormal- 
ity, and changes in intensity using dif- 
ferent pulse sequences, may result in 
MR being more effective than CT or 
chest roentgenography in distinguish- 
ing some of these disorders. Some 
experimental work, eg, indicates that 
acute alveolitis from bleomycin can be 
distinguished by MR from subsequent 
fibrosis.“ 

At the present time, the overall sen- 
sitivity of MR for identifying small 
pulmonary nodules is slightly less than 
that of CT.” 

Pulmonary effusions can be accu- 
rately identified. There appears to be 
correlation between the image inten- 
sity and the protein content of the 
fluid.“ With MR imaging it may well be 
possible to differentiate among serous 
effusions, inflammation, chylous effu- 
sions, and hemorrhagic effusions.** 

Using MR, therefore, it is possible 
to identify a wide range of disorders in 
the lungs and mediastinum.“ Mag- 
netic resonance imaging is not com- 
pletely accurate in characterizing 
pathology,“ but there is optimism that 
it might prove to be more effective 
than chest roentgenography or CT in 
differentiating certain disorders. At 
the present time, MR is the imaging 
modality of choice for evaluation of the 
mediastinum. The chest roentgeno- 
gram will remain the major method for 
study of the lungs, but MR may prove 
helpful in differentiation of pathology 
in selective cases. 


Cardiovascular System 


Magnetic resonance has tremendous 
potential for evaluation of the cardio- 
vascular system. Flowing blood pro- 
duces no signal, while the walls of 
blood vessels and the heart produce a 
signal of moderate intensity. The 
lumen of the heart and vessels is there- 
fore seen in sharp contrast to their 
walls, and morphologic anatomy is well 
demonstrated.“ The individual 
heart chambers can be recognized, and 
the valves can be identified.“ In phan- 
toms, accurate measurements can be 
made of wall thickness, stroke volume, 
and cavity volume.“ In vivo, there is 
excellent correlation of diastolic car- 
diac measurements with ultra- 
sound.” There are still some prob- 
lems in accurately identifying end 
systole.” The pericardium is partially 
visualized as a thin, low-intensity 
band. The papillary muscles and chor- 
dae can be seen in most patients.*” 
The entire length of the coronary ar- 
teries cannot be seen,” but their origin 
can be identified in many patients." 
Several large series reported that 
MR is accurate in the identification of 
congenital heart abnormalities.” 
The accuracy for identification of 
septal defects ranges from 80% to 
100%.*"°5"© The septal defects most 
likely to be missed are small abnormal- 
ities in the anterior aspect of the ven- 
tricular septum.” Atrioventricular ca- 
nals are particularly well identified.” 
Congenital valvular stenosis can be 
diagnosed, and the thickened valve 
cusps can be seen.” Using gated im- 
ages, incomplete opening of the aortic 
valve can be seen during systole in 
aortic stenosis.” The degree of ven- 
tricular enlargement and hypertrophy 
secondary to valve anomalies can be 
seen. With pulmonary or aortic valve 
stenosis, poststenotic dilatation of the 
aorta or pulmonary artery is clearly 
defined. In Ebstein’s disease, the low 
position of the origin of the tricuspid 
valve leaflets in the right ventricle and 
the enlarged right atrium can be 
seen.” Hypoplastic left or right ventri- 
cle can be accurately diagnosed.” 
The wall of a hypoplastic ventricle fre- 
quently shows an increased signal due 
to fatty replacement of the poorly func- 
tioning muscle.” The origin of both 
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major blood vessels from a single 
ventricle can be seen in double-outlet 
right ventricle.” In anomalous venous 
return, the absence of normal pulmo- 
nary veins entering the left atrium can 
be seen.” It is not yet known how well 
MR can identify the various alternate 
venous return pathways to the right 
atrium. Azygos continuation of the in- 
ferior vena cava can be identified.” 
Relative enlargement of the aorta can 
be identified in tetralogy of Fallot, 
aortic stenosis, and Marfan’s syn- 
drome.® In truncus arteriosus, the 
common origin of the great blood ves- 
sels from a single atrioventricular 
valve can be seen.” Transposition can 
be accurately diagnosed.™®® The ab- 
normal relationships of the ascending 
aorta and pulmonary artery can be 
distinguished in both D and L trans- 
positions.”™ Right aortic arch can be 
diagnosed,™ and coarctation is ex- 
tremely well visualized.” Ventricu- 
lar function in congestive heart failure 
can be studied. In cardiomyopathies, 
ventricular wall thickness and cham- 
ber size can be estimated.” The site, 
severity, and extent of the abnormal 
wall thickness can be shown as well 
with MR as with ultrasound.® Pulmo- 
nary edema is well seen on coronal 
images. There is a hazy increase in the 
signal from the lungs with clear identi- 
fication of the perihilar distribution of 
the abnormality. Magnetic resonance 
is particularly helpful in identifying 
the patency of palliative shunts per- 
formed for disorders such as pulmo- 
nary stenosis and transposition of the 
great blood vessels.“ In this sit- 
uation it is frequently superior to ul- 
trasound. Functioning Glen, Water- 
ston, and Blalock shunts have all been 
well seen. Following atrial sep- 
tostomy, the size of the atrial septal 
defect can be measured. 

Congenital absence of the left peri- 
cardium can be accurately diagnosed 
by the displacement of the heart to the 
left, a prominent bulge of the main 
pulmonary artery, and a lack of sharp 
definition between the left heart 
border and adjacent lung.”” 

Magnetic resonance is also of value 
in visualizing peripheral blood vessels. 
It is fairly accurate in the identifica- 
tion of a wide range of vascular malfor- 
mations.” In these situations, MR can 
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distinguish blood clot from regions of 
flowing blood.” Evaluation of blood 
vessels has been shown to be helpful in 
the management of children with tu- 
mors. The blood vessels are normally 
easily identified, separate from the 
tumor mass. Forty-one blood vessel 
abnormalities were identified in 36 
children with abdominal tumors.“ 
Careful analysis of the degree of blood 
vessel displacement and/or ercase- 
ment by tumor helped in predicting 
the organ of origin of the tumor and 
also in planning the surgical resection 
of the mass. In addition, in Wilms’ 
tumor, MR imaging has proved as ac- 
curate as ultrasound in the identifica- 
tion of tumor extension into the in- 
ferior vena cava.” 

The major advantages of MR in the 
evaluation of the cardiovascular sys- 
tem are (1) its ability to image in any 
plane and (2) the fact that vessels and 
heart chambers can be well identified 
without the injection of any contrast 
agents.” Compared with ultrasound, 
MR has no problems with imaging 
access being obscured by overlyirg air 
or bone, it is not operator dependent, 
and provides a wider field of view.” In 
addition, the MR images look more 
like anatomical specimens and are thus 
easier to interpret. Unlike angiogra- 
phy, MR does not disturb cardiac runc- 
tion.” Disadvantages of MR are (1) the 
long scan time, (2) the cost, and (3) the 
difficulty in obtaining images in real 
time.” Magnetic resonance has not 
yet replaced other imaging modakties 
for evaluating the cardiovascular sys- 
tem, and the precise clinical indica- 
tions for its use remain to be defined. 


Gastrointestinal Tract 


The normal liver and spleen are al- 
ways clearly identified with MR. The 
splenic vein and portal veins are accu- 
rately delineated. The gallbladder is 
seen, but the bile ducts cannot always 
be identified.” Bowel loops are diffi- 
cult to distinguish. The pancreés is 
partly seen in most cases but is diffi- 
cult to visualize completely.” 

Most MR imaging of the abdomen 
has been for liver disorders. Magretic 
resonance has proved sensitive for the 
detection of a wide range of tumors, 
infections, obstructive lesions, and 
metabolic disorders, but the appear- 
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ance has not been particularly spe- 
cific.” Most primary malignant tu- 
mor masses of the liver are well 
seen." Extension of tumor into major 
hepatic vessels can be identified. Be- 
cause of excellent visualization of the 
portal veins, analysis of the displace- 
ment of these veins can permit accu- 
rate localization of large tumor masses 
in the liver and may predict surgical 
resectability without the need for an- 
giography. Some focal lesions, such as 
cavernous hemangiomas™ and simple 
liver cysts, appear different from 
other liver tumors, and MR can fre- 
quently suggest the correct diagnosis. 
Liver abscesses are identified as focal 
lesions and are often indistinguishable 
from other focal abnormalities. With 
infection, diffuse abnormality can be 
seen in the liver. Experimental work in 
animals suggests that change can be 
detected within 12 hours of the onset of 
the infection.” In diffuse fatty infiltra- 
tion of the liver, little abnormality is 
seen on MR images.” This is a some- 
what surprising finding, as fat is very 
easy to detect in other regions of the 
body. In iron storage diseases, signifi- 
cant change in the intensity of the 
signal from the liver is obtained.**"” 
It is hoped that the degree of change in 
signal intensity and relaxation times 
will correlate with the amount of iron 
in the liver and that serial MR scans 
can therefore be utilized for following 
response to therapy. 

Biliary disease can be seen in cho- 
lecystitis, and altered signal is identi- 
fied in the wall of the gallbladder due 
to inflammatory edema.” Gallblad- 
der function can also be evaluated, as 
the signal obtained from fresh and 
concentrated bile differs. Gallstones 
cannot be detected.”” A choledochal 
cyst has been identified as a mass in 
the region of the porta hepatis. The 
intensity of the signal obtained from 
the cyst was the same as that seen in 
the adjacent gallbladder.” 

Spleen size can be well evaluated. 
Focal lesions of the spleen, such as 
cysts and abscesses, have been accu- 
rately identified. In Hodgkin’s dis- 
ease, MR has not yet been shown to be 
capable of identifying tumor in the 
spleen when the CT scan is negative. 

Pancreatic disease can be seen in 
pancreatitis. The gland is enlarged and 
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has an altered signal®™ and poorly 
defined margins.” Pancreatic pseudo- 
cysts can be seen to originate from the 
pancreas, and the cystic nature of the 
fluid can be determined. Magnetic res- 
onance imaging can be used to follow 
change in size of the cysts with time.” 
In patients with cystic fibrosis, fatty 
replacement of the pancreas is well 
seen.” The fat produces a very bright 
signal. 

Magnetic resonance has been little 
utilized in the evaluation of the in- 
testine. There are isolated reports of 
identification of abnormality in 
Crohn’s disease, ulcerative colitis, 
lymphoma, and hemorrhage in the 
bowel wall.’ Abdominal abscesses may 
be easier to identify with MR than 
with CT. Abscess cavities and adjacent 
inflammatory edema have been seen 
with MR.” There are, however, still 
problems in distinguishing small ab- 
scesses from other fluid collections 
such as necrotic tumors. Magnetic res- 
onance cannot distinguish an active 
infection from a sterile abscess.” 


Genitourinary System 


Both kidneys are well identified by 
MR scanning.™™®” The renal outlines 
can be evaluated, and the size can be 
estimated. The renal cortex and 
medulla can be distinguished.” 
This differentiation is lost in states of 
dehydration and in many disorders in 
which there is diffuse renal disease. 
Urine in the collecting system pro- 
duces a different signal from that of 
the rest of the kidney. The bladder is 
readily identified, and the wall is 
easily differentiated from urine in the 
lumen. Wall thickness can be esti- 
mated.” In older children the uterus 
and vagina can be identified. 

Congenital renal anomalies can be 
seen. Ectopic kidneys and horseshoe 
kidneys can easily be identified.’ The 
size and distribution of renal cysts is 
readily appreciated.”"”’ Simple cysts 
have smooth, sharp margins.” 
In multicystic dysplastic kidney, the 
cysts are unilateral, and no normal 
renal parenchyma is identified. In pa- 
tients with adult-type polycystic kid- 
neys, bilateral cysts are seen. Focal 
areas of hemorrhage into a cyst pro- 
duce an altered signal.” The accu- 
racy of MR for identification of duplex 
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kidneys is not known. 

Hydronephrosis is easily seen on 
MR images because the collecting sys- 
tem is well identified by the urine 
contained within it. The level of ob- 
struction and degree of secondary dis- 
tention of the collecting system can be 
accurately identified with MR.” 
There is some suggestion that mechan- 
ical obstruction of the urinary tract 
might be differentiated from hydro- 
nephrosis due to vesicoureteric reflux 
by the degree of loss of corticomedull- 
ary differentiation on the MR image.” 
In experimental animals, loss of cor- 
ticomedullary differentiation occurs 
following tying of the ureter, and ab- 
normalities may be detected as early 
as two hours after induction of the ob- 
struction. ™*5 

Magnetic resonance is a sensitive 
method for identifying blood, and the 
amount and location of hemorrhage 
following renal trauma can be readily 
evaluated. 

Acute pyelonephritis causes an 
altered signal in the kidney and an 
increase in renal size. Superimposed 
focal abscess formation can be readily 
detected,’ and response to therapy 
can be measured or monitored. 

Because calcium is poorly seen on 
MR images, renal stones or paren- 
chymal calcifications cannot be identi- 
fied unless they are very large." 

Magnetic resonance is valuable in 
the evaluation of children with Wilms’ 
tumor, and it is possible that a single 
MR scan may provide all of the infor- 
mation that previously required liver- 
spleen isotope scans, intravenous 
urography, CT scans, ultrasound 
scans, and even, sometimes, venogra- 
phy.” Using MR, one can identify the 
tumors accurately and evaluate the 
spread of tumor into the inferior vena 
cava, local lymph nodes, and liver. At 
present, MR is probably not as accu- 
rate as CT for identifying lung metas- 
tases. With MR, the histology of renal 
tumors cannot be predicted. 

Transplant rejection may be distin- 
guishable from tubular necrosis follow- 
ing renal transplantation by the use of 
MR imaging. Early studies suggest 
that with rejection there is loss of 
corticomedullary differentiation that 
does not oecur with acute tubular ne- 
crosis.~* Other complications of 


transplantation, such as lymphocele or 
perinephric hematomas, can also be 
identified with MR. These abnormali- 
ties may appear to be similar to each 
other on ultrasound but can be distin- 
guished by MR.” 

The pregnant uterus can be safely 
imaged by MR, and there are some 
reports of identification of fetal anoma- 
lies in utero. In the first trimester, 
little fetal detail can be detected, but 
by the third trimester many of the 
fetal structures can be well seen.” 
Early results suggest good correlation 
between fetal measurements made 
with MR and those obtained by ultra- 
sound.” Intrauterine growth retarda- 
tion can be detected in utero by obser- 
vation of a decrease in the thickness of 
fetal subcutaneous fat.” Congenital 
abnormalities that have been diag- 
nosed in utero by MR include a Dandy- 
Walker cyst,” Potters syndrome,” 
ureteropelvic junction obstruction,” 
anencephaly,”’™ fetal death, ™® hydro- 
cephalus,” cystic dysplastic kidney,” 
hydronephrosis,” and malposition of 
the umbilical cord around the fetal 
neck.’ The amount of amniotic fluid 
present and the fetal presenting parts 
can also be accurately seen.” 

Thus, MR can identify a wide range 
of disorders in the genitourinary tract. 
In many areas the images obtained 
with MR are comparable with those 
obtained with CT.” Potential advan- 
tages of MR are (1) the ability to image 
in multiple planes, (2) the excellent 
visualization of blood vessels, (3) the 
ability to monitor response to therapy, 
and (4) the hope that the results of a 
single MR scan might obviate the uti- 
lization of several other imaging stud- 
ies. 

At present, MR is not routinely be- 
ing used in the evaluation of the geni- 
tourinary system. 

Major problems with MR are (1) its 
inability to provide a specific diagnosis 
in many cases, (2) cost, (3) poor vi- 
sualization of calcium, and (4) artifacts 
from respiratory motion. 


CNS 


It isin the CNS that MR imaging has 
made its first major clinical impact, 
and there are many reports attesting 
to the superiority of MR imaging over 
other imaging modalities. The major 
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strengths of MR are (1) the ability to 
image in any plane and (2) superb 
differentiation between gray and 
white matter, which results in images 
that look like anatomical sections. 
Magnetic resonance can clearly iden- 
tify gray matter, white matter, and 
cerebrospinal fluid.“ The corpus cal- 
losum, caudate nucleus, thalamus, in- 
ternal capsule, gyri and sulci, and 
cisterns”; red nucleus and substantia 
nigra’’; pons, medulla, cerebellum, 
vallecula, optic chiasm, infundibulum, 
and mammillary bodies™; optic nerve 
and orbit muscles”; and pituitary 
fossa and spinal cord” can all be 
identified on MR images. 

The normal newborn brain is differ- 
ent in that it contains more water and 
less myelin than the brains of older 
children and adults.” Magnetic reso- 
nance scans of normal children have 
demonstrated that myelin deposition 
occurs in an orderly and predictable 
manner, and the degree of normal my- 
elinization for any age has been deter- 
mined.“ Delay in myelin deposi- 
tion can occur in a wide variety of 
disorders, including congenital infec- 
tion,” metabolic disorders,” 
neonatal hypoxia,“ and following 
hydrocephalus.” The extent of abnor- 
mality may prove to be an indicator of 
subsequent neurological impairment. 

A wide range of congenital anoma- 
lies has been reported to be identified 
by MR. Agenesis of the corpus cal- 
losum can be accurately defined,” 
and the associated absence of the sep- 
tum pellucidum, the upward displace- 
ment of the third ventricle, and hydro- 
cephalus are easily identified. Partial 
agenesis can be distinguished from 
complete agenesis.“ With meningo- 
celes, the spinal defects and associated 
lipomas can be seen. Cord tethering 
can be well shown.” Associ- 
ated Chiari malformations are beau- 
tifully demonstrated on sagittal im- 
ages,'1-82. For the identification of 
syringomyelia, MR is superior to CT 
performed without myelography.™ In 
diastematomyelia, the entire divided 
cord is well seen, and associated cord 
tethering and lipomas are identified.” 
The bony spur will be seen if it con- 
tains bone marrow.” Other anomalies 
that have been identified by MR in- 
clude aqueduct stenosis,“* encepha- 
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loceles, and congenital cysts. Mag- 
netic resonance is superior to CT 
because it can distinguish congenital 
cysts from cystic tumors or hemor- 
rhagic cysts.” Other diseases that 
have been successfully imaged with 
MR include tuberous sclerosis,” 
idiopathic cerebellar atrophy,” basilar 
skull invagination,“ Wilson’s dis- 
ease,“ and Hurler’s syndrome.’ 

Magnetic resonance imaging might 
be able to provide unique information 
in the evaluation of hydrocephalus by 
distinguishing those patients with 
raised intraventricular pressures from 
those with normal pressures. Mag- 
netic resonance imaging is as accurate 
as CT or ultrasound for the identifica- 
tion of hydrocephalus.“"*"* In 
patients with raised pressure due 
to obstruction, edema in the margins 
of the ventricles has been icenti- 
fied." This edema is not seen in 
patients with hydrocephalus and nor- 
mal pressures, and it disappears fol- 
lowing shunting in patients with high- 
pressure hydrocephalus. 

Magnetic resonance will have < ma- 
jor role to play in the evaluation of 
pediatric CNS tumors, and in several 
large series MR has consistently been 
found to be superior to CT,2%» 
While there are isolated cases in which 
CT has proved to be superior to MR, 
tumor masses have been identified 
with MR in many cases when the CT 
scan has either been negative or shown 
nonspecific midline shift." With 
MR, greater tumor extent has cften 
been shown than with CT, and this has 
proved very helpful in planning ther- 
apy. 50753154 

In tumors, cystic and solid elements 
can be accurately differentiated, and 
secondary effects such as displace- 
ment of adjacent structures, extension 
into the spinal cord,” or obstruction of 
the ventricular system™" can be 
identified. 

In the spinal cord, tumors car. be 
accurately demonstrated with MR be- 
cause of its ability to image in the 
sagittal or coronal planes. The supe- 
rior and inferior margins of the tumor 
can be seen on a single image.™ Solid 
tumors can be differentiated from sy- 
ringomyelia,“™ and tumors can accu- 
rately be located as intra-axial or ex- 
tra-axial." 








In addition to tumor detection, MR 
imaging has proved superior to CT in 
monitoring the response of tumors to 
therapy and in detecting tumor recur- 
rence.” Magnetic resonance is dis- 
tinctly better than CT in imaging the 
posterior fossa. This is because bone 
artifacts occur on the CT scans. Since 
most pediatric CNS malignant neo- 
plasms occur in the posterior fossa, 
MR is clearly the imaging modality of 
choice for these lesions. 

There are potential disadvantages of 
MR: (1) It cannot predict histology 
(but CT cannot do this either). (2) It is 
not as good as CT in identifying small 
areas of calcification in tumors or small 
areas of destruction in adjacent bones. 

Using MR, the site and extent of 
neonatal intracranial hemorrhage can 
be well identified.” These lesions can 
be equally well seen with ultrasound. 
The effects of hemorrhage, such as the 
development of hydrocephalus or por- 
encephalic cysts, can be well seen with 
both MR™ and ultrasound. A potential 
advantage of MR may be in the long- 
term follow-up of patients after neo- 
natal intracranial hemorrhage to de- 
tect delays in myelin deposition.” 
Early reports suggest that patients 
with simple bleeds, with or without 
hydrocephalus, do not have subse- 
quent, major, long-term neurological 
problems, but that the development of 
secondary periventricular leuko- 
malacia is associated with significant 
delay in myelin deposition and mental 
retardation.” 

In two small series evaluating the 
use of MR for seizures, abnormality in 
the temporal lobe has been seen on MR 
images and not seen on CT in some 
cases,“ 

The advantages of MR over CT for 
evaluation of the CNS are (1) its safety, 
(2) the absence of streak artifacts," 
(3) the ability to image in any 
plane," (4) excellent depiction of 
normal anatomy,” (5) superior sen- 
sitivity for identifying abnormal- 
ity, = and (6) its ability to identify 
vessels without the use of contrast 
agents. 


Reticuloendothelial and 
Endocrine Disorders 


Enlarged lymph nodes are easy to 
identify with MR, particularly in the 


Magnetic Resonance Imaging—Cohen 951 





chest, where the relatively strong sig- 
nal from the lymph nodes contrasts 
with the lack of signal from adjacent 
trachea, bronchi, lungs, and blood ves- 
sels.“ Disease in the lymph nodes can 
be identified by node enlargement or 
by identification of altered signal in- 
tensity from the lymph nodes." 
Problems with MR are (1) that it is not 
as sensitive as CT for the identification 
of small diseased lymph nodes,™ (2) 
that the appearance of diseased nodes 
is very nonspecific so that histology 
cannot be predicted,” and (8) that 
small areas of calcification cannot be 
identified in lymph nodes.“ Magnetic 
resonance evaluation of ten children 
with lymphoma showed that MR imag- 
ing (1) was as good as CT in identifica- 
tion of disease,” (2) could not distin- 
guish Hodgkin’s from non-Hodgkin’s 
lymphoma, and (3) could not yet accu- 
rately identify tumor in the liver or 
spleen.” A favorable response to ther- 
apy is indicated by a reduction in size of 
the lymph nodes and a change in the 
image intensity.“ The thymus gland is 
well seen, particularly on coronal im- 
ages. The typical triangular shape of 
the lobes of the thymus appear clearly 
on this view, and MR has proved to be 
more effective than CT or chest roent- 
genography in distinguishing thymus 
masses from other anterior medi- 
astinal masses in a number of chil- 
dren.’ At the present time MR is not 
able to differentiate a normal thymus 
from diffuse infiltration of the thymus 
by lymphoma or leukemia.“ 

The adrenal glands can be identified 
by MR in over 85% of normal individu- 
als.’*"* Pheochromocytomas can be 
seen as well as with CT,” and adre- 
nal hypoplasia can in some cases be 
differentiated from focal adrenal ade- 
nomas.'”’* Two series reported MR 
findings with neuroblastoma.” 
Magnetic resonance has proved to be 
as good as CT for identification of the 
primary tumor mass and can accu- 
rately identify tumor spread to local 
lymph nodes, liver, and bone mar- 
row.’ Magnetic resonance has proved 
to be superior to CT scan in predicting 
surgical resectability of tumor masses, 
mainly because of the excellent vi- 
sualization of blood vessels obtained 
with MR. In a number of cases, en- 
casement of the inferior vena cava, 
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celiac artery, renal blood vessels, or 
splenic blood vessels has been seen on 
MR images and not on CT. 
Magnetic resonance is not quite as 
good as CT for identification of neu- 
roblastoma spread to lymph nodes.” 


Musculoskeletal Disorders 


Magnetic resonance has a major role 
to play in the evaluation of disorders of 
the musculoskeletal system. On MR 
images there is superb soft-tissue vi- 
sualization, and in the bones, cortex 
and marrow are sharply defined. ™ 

Magnetic resonance has no role to 
play in the routine evaluation of bone 
trauma, and it is not as good as plain 
film for identifying fractures.” The 
MR image is not degraded by plaster 
or fiberglass casts, and limbs in casts 
can be well imaged with MR.™”"* Mag- 
netic resonance is superior to both 
plain film and CT for identifying the 
soft-tissue effects of trauma. It will 
frequently identify more extensive in- 
jury to the soft tissues than will CT, 
and it can distinguish edema from 
hematoma. Tears in ligaments and ten- 
dons can be identified, and MR imag- 
ing has proved accurate in identifying 
cruciate and collateral ligament tears 
in the knee joint.” 

In patients with hemophilia, MR 
should be accurate in identifying the 
site and size of hemorrhage. 

Using MR to study Perthes’ disease, 
one can accurately see abnormality in 
the femoral head, and several reports 
have suggested that MR may be more 
sensitive than the plain film roent- 
genogram or bone isotope scan for the 
early diagnosis.”"*"* A normal MR 
scan may well prove to be a sensitive 
method of excluding avascular necrosis 
of the femoral head. 

Bone infarcts in patients with sickle 
cell anemia can be identified with MR. 
The specificity of the findings is not yet 
known.” 

Magnetic resonance has been exten- 
sively used to study a large number of 
bone tumors, and many reports have 
attested to its superiority over CT. The 
major advantages of MR are (1) the 
excellent definition of the soft-tissue 
components of the tumors and (2) the 
very sensitive demonstration of dis- 
ease in the bone marrow. Magnetic 


resonance can scan in the sagittal or 
coronal planes so that the entire length 
of the bone can be depicted on a single 
image. Several studies of osteogenic 
sarcomas and Ewings tumors®**™ 
have indicated that MR is superior to 
CT for identifying the soft-tissue com- 
ponents and marrow spread of these 
tumors. It can identify cortical disease 
but is not as accurate as plain film or 
CT in demonstrating cortical destruc- 
tion and periosteal reactions. In pa- 
tients with osteogenic sarcoma, the 
tumor response to methotrexate ther- 
apy as seen by MR correlated well with 
the response seen on histologic evalua- 
tion of the pathologic specimen." 
Benign bone tumors can often be dif- 
ferentiated from malignant neoplasms 
on MR images because in benign le- 
sions the extent of marrow abnormal- 
ity corresponds with the area of cor- 
tical abnormality. In malignant tumors 
the area of cortical abnormality is fre- 
quently more extensive. This finding 
has proved helpful in distinguishing 
aggressive aneurysmal bone cysts 
from Ewing’s sarcoma. Examples of 
benign tumors that have been success- 
fully imaged with MR include aneurys- 
mal bone cysts,“*’’ osteochon- 
dromas,’*"“ osteoid osteomas, and 
enchondromas.” 

Not only can the extent of bone 
marrow disease be identified in pri- 
mary malignant bone tumors, but MR 
can accurately define marrow disease 
in disorders such as leukemia and neu- 
roblastoma."*"” 

Magnetic resonance is superior to 
CT at defining the margins and extent 
of benign and malignant soft-tissue 
tumors and can accurately depict the 
relationship of these tumors to adja- 
cent blood vessels. The appearance on 
the MR scan is, however, not specific, 
and histology cannot be accurately 
predicted. 

Magnetic resonance is a very sensi- 
tive method for evaluating osteomyeli- 
tis, and there have been a number of 
reports of successful identification of 
disease when both CT and isotope 
scans were negative." 


Spectroscopy 


In addition to providing anatomical 
images of the body, MR can also be 
utilized for in vivo spectroscopic chem- 
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ical analyses. The major advantage of 
MR is that the chemical composition of 
tissues can be studied without the 
requirement for removal of a segment 
of tissue from the body. Up to the 
present time, most of the studies have 
involved phosphorus and phosphorus- 
containing compounds.” It is possible 
to measure, in vivo, the concentration 
of a wide range of phosphorus-contain- 
ing compounds and also to calculate 
the intracellular pH. Changes in con- 
centration of these compounds can be 
monitored following exercise or ther- 
apy." While this is still experi- 
mental, early reports have indicated 
exciting potential for MR. In congeni- 
tal myopathy, such as McArdle’s dis- 
- ease, MR spectroscopy has identified 
abnormal ratios of phosphocreatine to 
inorganic phosphorus and the absence 
of expected reduction in pH following 
exercise.™'" Abnormalities have 
also been identified in Duchenne type 
muscular dystrophy,” myopathies due 
to hypothyroidism,” and viral infec- 
tion.™ An in vivo study of an 8-month- 
old infant with an idiopathic cardiomy- 
opathy identified abnormal ratios of 
phosphocreatine to inorganic phos- 
phorus and showed improvement fol- 
lowing therapy with a carbohydrate 
load.™ In vivo studies of two patients 
with neuroblastoma identified a high 
concentration of a phosphomonoester 
in the primary tumor and liver metas- 
tasis. The concentration of this com- 
pound increased with tumor relapse 
and decreased with tumor regres- 
sion.”” In vivo studies of the newborn 
brain***” have identified altered ratios 
of phosphocreatine to inorganic phos- 
phorus in infants suffering from severe 
birth asphyxia. These changes were 
not apparent on day 1 of life but oc- 
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curred over the subsequent few 
days.”” Similar abnormal findings have 
also been seen in infants with inborn 
metabolic errors.” In one infant, an 
improvement in the phosphocreatine- 
to-inorganic phosphorus ratio was ob- 
tained following administration of in- 
travenous mannitol. In additior to the 
above abnormalities, MR spectroscopy 
has also indieated that the newborn 
brain is different from that o? older 
children or adults in that it alone con- 
tains a high concentration of phos- 
phoethanolamine, a precursor of phos- 
pholipids and myelin.”*”” 


ADVANTAGES AND 
DISADVANTAGES OF MR 


Magnetic resonance is safe and uses 
no radiation.” It is completely non- 
invasive,“ and the patient is subjected 
to no discomfort.”’*’ Magnetic reso- 
nance can image directly in any body 
plane, permitting visualization of such 
body structures as the aorta, spinal 
cord, and long bones on a singe im- 
age. '*?%.20 Magnetic resonance has su- 
perior soft-tissue contrast resolution 
to CT.097223 Magnetic resonance has 
the potential for characterizing tissue 
and evaluating tissue chemistry.°*"” 
Unlike angiography, MR is nonin- 
vasive, and blood vessels and the heart 
can be well visualized without the need 
for injection of contrast.™®™™ Unlike 
ultrasound, MR access is not inhibited 
by bone or gas, nor is the field of view 
restricted to a sector. Unlike CT, MR 
does not produce artifacts from bone 
or implanted metal objects,” 
and this permits better visualizat:on of 
certain areas, particularly the pos- 
terior fossa of the skull.° 

Disadvantages of MR are (1) the cost 
(1 to 3 million dollars per machine and 
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400 to 800 dollars per patient study), 
(2) the long scan time (30 to 60 min- 
utes), and (3) the sensitivity of MR to 
motion. Compared with CT, MR is 
much less sensitive in identifying 
small areas of calcification,” cannot 
obtain very thin slices (2 mm or thin- 
ner),’* and has slightly less spatial 
resolution. The final problem with MR 
is that magnetic materials, whether 
implanted in the patient or as part of 
patient monitors, may cause problems. 


FUTURE 


The final analysis of the role MR will 
play in imaging children will take some 
years to complete. At the present 
time, enthusiasm for MR will result in 
some sweeping claims for the efficacy 
of MR, and these need to be inter- 
preted with caution. There is no doubt 
that in many areas MR can provide 
unique information. In other areas it 
provides information that can also be 
obtained by other imaging modalities. 
Before final decisions can be made as 
to when MR should be utilized, we will 
need much more information about (1) 
the ability of MR to detect abnormality 
(its sensitivity), (2) its ability to lo- 
calize abnormality anatomically, (3) its 
ability to characterize the abnormality 
(specificity), and (4) the impact, if any, 
that the results of the MR scan will 
make on the therapy. This information 
will be balanced with the high cost of 
MR, its safety, and its lack of patient 
discomfort. At the present time, MR 
should be considered the imaging mo- 
dality of choice for most disorders of 
the CNS, including the spinal canal, 
and for many disorders of the mus- 
culoskeletal system. Its role in other 
areas is still predominantly experi- 
mental. 
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